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A SYNTHETIC PEPTIDE AND ITS TTSKS 
This application is a division and continuation-in- 
part of application Serial No. 08/335,049, pending, which 
was a division of application Serial No. 07/598,416, now 
5 U.S. Patent No. 5,364,930. 



FIELD OF THE INVENTION 

This invention relates to a fragment of Clq and to a 
synthetic peptide and to their use to selectively bind 

10 immune complexes and aggregated immunoglobulins. The 
invention also relates to a binding material which can be 
used to selectively remove immune complexes and 
aggregated immunoglobulins from fluids. The invention 
further relates to methods of treating inflammation and 

15 prolonging the survival of transplanted tissue. 

BACKGROUND OF THE INVENTION 

An immune complex is an aggregate of immuno- 
globulins, non-immunoglobulin serum proteins, and 

20 antigens. Immune complexes are formed as a natural 
consequence of the immune response to antigens of 
infectious agents, to normal tissue components in the 
case of autoimmune diseases, to tumor-associated 
antigens, and to other antigens. The complexes are 

25 normally removed by the cells of the reticulo- 
endothelial system. When this system is compromised or 
overloaded, circulating immune complexes may deposit in a 
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number of organs, thereby causing possibly severe 
clinical problems. Further, in cancer, it is postulated 
that immune complexes may block other effector mechanisms 
of the immune system which would otherwise destroy 
5 malignant cells. Several studies have indicated that 
removal of circulating immune complexes may be an 
effective therapeutic technique. See, e.g. . 

Theof ilopoulos and Dixon, Adv. Immunol. , 28, 90-220 
(1979); Theof ilopoulos and Dixon, Immuno di acrno sties of 

10 Conger, page 896 (M. Decker Inc., New York, N.Y. 1979). 

Immune complexes form as a result of immunoglobulins 
reacting with antigens. Immunoglobulins are able to 
cross-link antigens so that a lattice network of 
immunoglobulins bound to antigens is formed. Once the 

15 antigen-immunoglobulin reaction has occurred, the immune 
complex can then be decorated with a variety of serum 
proteins such as the proteins of the complement cascade. 

Complement component Clq selectively binds immune 
complexes in the presence of monomeric immunoglobulin 

20 because of the molecule's ability to develop a 
"functional affinity" when binding immune complexes. A 
"functional affinity" results when multiple low affinity 
receptors, confined in space, interact with multiple 
ligands, which are also confined in space. Normally, an 

25 individual ligand would rapidly associate and dissociate 
from the low affinity receptor but, when multiple ligands 
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in a complex interact with multiple receptors, the 
dissociation from the receptors is very slow since the 
probability of all ligands dissociating at the same time 
is very low. The slower dissociation rate results in an 
affinity several orders of magnitude greater than the 
individual receptor's affinity. The difference in 

affinities for the individual ligand and the complexed 
ligand produces a selection for the complexed ligand when 
presented with both species. 

The mature Clq molecule contains two distinct 
portions, the stalk and the globular head. There are six 
globular head regions per Clq molecule. Each contains a 
low affinity immunoglobulin binding site. Hughes- Jones 
and Gardner, Immunology , 34., 459-63 (1978); Duncan and 
Winter, Nature, 332 , 738-40 (1988) . Since there are six 
globular head regions on Clq, the molecule can form 
multiple binding interactions with the multiple 
immunoglobulins present in immune complexes. id- The 
result is a higher net affinity for immune complexes 
(id.) due to the low probability of more than one bound 
globular head receptor dissociating simultaneously ( i.e. , 
a functional affinity develops) . Thus, when Clq is pres- 
ented with both immune complexes and monomeric immuno- 
globulin, it selectively binds to the immune complexes 
because of the slower dissociation kinetics of the immune 
complexes . 
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Many investigators have tried to identify the 
residues on immunoglobulins that are recognized by Clq. 
Initial theoretical studies that compared the sequences 
of immunoglobulin Fc regions of various species known to 
5 bind human Clq produced four possible sites in two 
general locations: 1) the residues flanking Trp277 and 
Tyr278 (residues 275-295) (Lukas et al., J. Immunol. . 
127, 2555-60 (1981); Prystowsky et al . , Biochemistry . £0, 
6349-56 (1981)); and 2) the residues flanking Glu318 

10 (residues 316-338) (Stalinheim et al . , Immunochem. . 10 , 
501-507 (1973); Burton et al . , Nature , 288 , 338-44 
(1980) ) . Various studies by authors advocating one or 
the other site produced conflicting results* 

However, Duncan and Winter recently performed a 

15 series of more conclusive experiments. Duncan and 

Winter, Nature , 332, 738-40 (1988) . Using recombinant 
DNA techniques, they were able to systematically alter 
the various residues of the two disputed sites. Then, by 
determining the ability to bind Clq of each of the 

20 resulting immunoglobulins, the actual site and specific 
binding residues were determined. They localized the 
core of the Clq interactions to residues 318, 320, and 
322 in the Fc region of human IgG. Despite, the success 
of Duncan and Winter, the site on immunoglobulins where 

25 Clq binds may not be limited to the residues indicated by 
their work. In fact, other immunoglobulin residues may 
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also be involved in the Clq- immunoglobulin interaction 
that could not be detected using their approach. This 
will not be resolved until high resolution x-ray diffrac- 
tion data are obtained for the Clq-Fc region complex and 
5 the complete binding interaction is determined. 

Bacterial proteins such as Staphylo coccus aureus 
Protein A also bind to the immunoglobulin Fc region. 
Unlike Clq, the Protein A- immunoglobulin interaction is 
understood in detail. In a series of crystallographic 

10 studies by Deisenhofer, al . , the structure of human 

IgG Fc, Protein A, and finally the IgG Fc-Protein A 
Fragment B co-crystal were determined. Deisenhofer et 
al., Hoppe-Sevler ' s Z. Phvsiol. Chem. Bd , . 359 , S. 975-85 
(1978); Marquart et al . , J. Mol . Biol. , 141 , 369-91 

15 (1980). One of the most important pieces of information 
to come from this structure is the exact contact residues 
involved in the interaction. Those residues are Met 252, 
lie 253, Ser 254, Val 308, Leu 309, His 310, Gin 311, Asn 
312, His 433, Asn 434, His 435, and Tyr 436 of the human 

20 IgG Fc region. These residues are located at the 
interface between the CH2 and CH3 regions of the Fc 
portion of IgG, and some of them (309-312) are in close 
proximity to the proposed immunoglobulin binding site for 
Clq (318, 320 and 322) . 

25 Unlike Clq, Protein A binds to the Fc portion of 

immunoglobulins with high affinity. Ellman, Arch. 
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BiQchgm, BiQphyg t , J£, 443-450 (1958) . Thus, Protein A 

cannot differentiate between complexed and monomeric 
immunoglobulins . 

However, PCT application WO 89/04675 teaches the 
5 preparation of analogs of Protein A that have a lower 
affinity for the Fc region and which can develop a 
functional affinity for immune complexes when arrayed in 
a specific manner. The analogs are analogs of a binding 
domain of Protein A or of related sequences from 
10 functionally similar bacterial proteins such as Protein G 
(see page 10) . This PCT application reports that 

oligomers of the analogs, or an array of the analogs 
disposed about the surface of an insoluble matrix, 
develop a functional affinity for immune complexes. 

15 

SUMMARY OF THE INVENTION 

The invention provides a fragment of Clq which is 
characterized in that a plurality of such fragments 
selectively binds immune complexes or aggregated 

20 immunoglobulins in the presence of monomeric 
immunoglobulin. The fragment can be used to bind immune 
complexes or aggregated immunoglobulins. It can also be 
used to detect or quantitate immune complexes or to 
remove immune complexes or aggregated immunoglobulins 

25 from fluids. In particular, since a plurality of the 
fragments can selectively bind immune complexes or 
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aggregated immunoglobulins in the presence of monomeric 
immunoglobulin, the fragment is especially well-adapted 
for removing immune complexes and aggregated 
immunoglobulin from fluids containing monomeric 
5 immunoglobulin and for detecting or quantitating immune 
complexes in such fluids. 

The invention also provides a synthetic peptide 
comprising the sequence: 

Leu Glu Gin Gly Glu Asn Val Phe Leu Gin Ala Thr 
10 1 5 10 

[SEQ ID NO 2] 

or variants thereof capable of binding immunoglobulin. 
The synthetic peptide can be used to bind immune 

15 complexes or aggregated immunoglobulins, to detect or 
quantitate immune complexes, or to remove immune 
complexes or aggregated immunoglobulins from fluids. 
Like the Clq fragment, a plurality of the peptides can 
selectively bind immune complexes or aggregated immuno- 

20 globulins in the presence of monomeric immunoglobulin. 
As a result of this property, the peptides of the 
invention are also well-adapted for removing immune 
complexes and aggregated immunoglobulin from fluids 
containing monomeric immunoglobulin, and for detecting or 

25 quantitating immune complexes in such fluids. 

The Clq fragment and the synthetic peptide can be 
prepared in a number of ways, including using recombinant 
DNA techniques. Accordingly, the invention also 
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comprises a DNA molecule encoding the Clq fragment or the 
synthetic peptide, a vector comprising the DNA molecule 
operatively linked to expression control sequences, and a 
host cell transformed with the vector. The Clq fragment 
5 or synthetic peptide can be prepared by culturing the 
transformed host cell. 

^ 

The invention further provides a test kit for 
detecting or quantitating immune complexes. The kit 
comprises a container of the Clq fragment or a container 

10 of the synthetic peptide. 

Also, the invention provides a binding material for 
removing immune complexes or aggregated immunoglobulins 
from a fluid. The material comprises plural binding 
peptides, the peptides being characterized in that a 

15 plurality of them selectively binds immune complexes and 

aggregated immunoglobulins in the presence of monomeric 

immunoglobulin. Preferably, the binding peptides are the 

Clq fragments of the invention or synthetic peptides 

comprising the sequence 

2 0 Leu Glu Gin Gly Glu Asn Val Phe Leu Gin Ala Thr 

1 5 10 

[SEQ ID NO 2] 

or a combination of the two. Immune complexes and 
25 aggregated immunoglobulins can be removed from fluids 
containing them by contacting the fluids with the binding 
material at a temperature and for a time sufficient to 
bind the immune complexes and aggregated immunoglobulins 
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to the material, and then separating the fluid from the 
material. The invention also provides a device for 
removing immune complexes or aggregated immunoglobulins 
from a fluid comprising the binding material and a means 
5 for encasing the material so that the fluid can be 
contacted with it. 

Further, the synthetic peptide or Clq fragment can 
be used to treat an inflammatory response in a mammal by 
administering to the mammal an effective amount of the 

10 Clq fragment or synthetic peptide. "Treat" is used 
herein to mean that the inflammatory response is reduced 
or prevented. The synthetic peptide or Clq fragment can 
also be used to prolong the survival of tissues 
transplanted into a mammal by administering to the mammal 

15 an effective amount of the Clq fragment or synthetic 
peptide. The Clq fragment and synthetic peptide exert 
these effects because they inhibit the binding of Clq to 
immunoglobulin bound to antigen, thereby preventing the 
initiation of the complement cascade. It has been found 

20 that other peptides inhibit the binding of Clq to 
immunoglobulin and can, consequently, be used to treat an 
inflammatory response and to prolong the survival of 
transplanted tissue . 



25 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 : 



Shown are the sequences (from top to 



bottom) of £L, aureus Protein A fragment B, the predicted 

helical region of Clq, and CBP2 . 



helical region of Protein A (residues 142-153), predicted 
helical region of Clq B chain (residues 189-200), and 
CBP2 . 

Figure 3: Shows the elution profile of CBP2 on a 
10 Sephadex G25 column. 

Figure 4A: Reverse phase HPLC chromatograph of CBP2 
under reducing conditions. 

Figure 4B: Reverse phase HPLC chromatograph of CBP2 
under nonreducing conditions. 
15 Figure 4C : Reverse phase HPLC chromatograph of CBP2 

in the presence of an oxidizing agent to favor the 
formation of disulfide linked CBP2 peptides. 

Figure 5 : Shows the inhibition of the binding of 
Ig-HRP to solid phase Protein A by CBP2, Protein A, or 
2 0 LHRH . 

Fi gure 6 : Shows the inhibition of the binding of 
rabbit Ig-HRP to solid phase Clg by CBP2, Clq, or LHRH. 

Figure 7 : The elution profile of PAP passed over 
the HiPAC™ LTQ-CBP2 column. 
25 Figure 8 : The elution profile of a mixture of PAP 

plus monomeric rabbit IgG. 



5 



Figures 2A-C : 



Helical wheel diagrams for the 
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Figure 9A: Elution of PAP on a CBP2 column washed 

with solution of CBP2 . 

Figure 9B: Elution profile of PAP on a CBP2 column 
washed with a solution of LHRH . 
5 Figure 10: The elution profile of PAP on the HiPAC™ 

LTQ-CBP2 column when PAP were incubated with either CBP2 
or LHRH prior to being loaded on the column. 

Figure 11; The elution profile of aggregated human 
IgG on the HiPAC™ LTQ-CBP2 column. 
10 Figure 12: The elution profile of aggregated human 

IgG plus monomeric human IgG. 

Fi gure 13A : The elution profile of biotinylated 
aggregated human IgG plus monomeric human IgG (total 
IgG) . 

15 Figure 13B : The elution profile of biotinylated 

aggregated human IgG, 



material . 

Figure 14A : The elution profile of biotinylated 
20 aggregated human IgG in diluted pooled normal human 
plasma (total IgG) . 

Figure 14B : Elution profile of aggregated IgG, 



Figure 13C : 



The elution profile of Clq binding 



Figure 



14C: 



Elution 



profile of Clg binding 



material . 
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Figyrg — 15: Graph of the ratio of Clq binding ma- 
terial to Protein A binding material for five patient 
sera prior to passage over the HiPAC^ LTQ-CBP2 column. 

Figure 16: Graph of the ratio of Clq binding 

5 material to Protein A binding material for five patient 
sera after passage over the HiPAC™ LTQ-CBP2 column. 

Figure 17: Shows the elution profile of aggregated 
human IgG diluted in Clq buffer and passed over the 
HiPAC™ FPLC-CBP2 column. 

10 Figure 18.: Shows the elution profile of biotinyl- 

ated aggregated human IgG diluted in normal human plasma 
and passed over the HiPAC™ FPLC-CBP2 column. 

Figure 19: Graph of the ratio of Clq binding 

material to Protein A binding material for five patient 

15 sera after passage over the HiPAC™ FPLC-CBP2 column. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

The Clq fragment of the invention may be any 
20 fragment of a Clq molecule, a plurality of which 
selectively binds immune complexes and aggregated 
immunoglobulins in the presence of monomeric immuno- 
globulin. The fragment may be a fragment of a Clq 
molecule of any species, such as human or rabbit. 
25 Suitable fragments may be identified as described in 
Example 1 below. The Clq fragment identified in Example 
1 has the sequence 
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Leu Glu Gin Gly Glu Asn Val Phe Leu Gin Ala Thr 
15 10 

[SEQ ID NO 2], 

5 and other suitable fragments may be identified by 
examining the amino acid sequences of Clq molecules for 
sequences homologous to this Clq fragment. 

The invention also provides synthetic peptides 
comprising the sequence: 

10 Leu Glu Gin Gly Glu Asn Val Phe Leu Gin Ala Thr 

15 10 

[SEQ ID NO 2] 

or variants thereof capable of binding immunoglobulin. 
15 The synthetic peptides are also characterized in that a 
plurality of them selectively binds immune complexes and 
aggregated immunoglobulins in the presence of monomeric 
immunoglobulin . 

The most preferred synthetic peptide has the 
20 sequence: 

Leu Glu Gin Gly Glu Asn Val Phe Leu Gin 
15 10 
Ala Thr Leu Leu Cys 

15 

25 [SEQ ID NO 3] 

The sequence 

Leu Glu Gin Gly Glu Asn Val Phe Leu Gin Ala Thr 

30 of SEQ ID NO 3 is that of the Clq fragment identified 
above (SEQ ID NO 2) . The two leucine residues were added 
to the carboxyl terminus of this fragment as spacing 
residues to separate the potentially active residues from 
a future solid phase support (see below) . The cysteine 
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residue was added to the carboxyl terminus to allow for 
coupling of the peptide to solid phases. This preferred 
synthetic peptide is identified herein as CBP2 . 

As used herein, a "synthetic peptide" means a 
5 peptide which is not a naturally-occurring peptide, 
although "synthetic peptides" may be altered versions of 
naturally-occurring peptides . "Synthetic peptides" 

include peptides synthesized in vitro and peptides 
synthesized in vivo . In particular, "synthetic peptides" 

10 include peptides produced in transformed host cells by 
recombinant DNA techniques. 

As used herein, "variant" means a synthetic peptide 
having changes (additions, deletions, or substitutions) 
in the specified amino acid sequence, provided that the 

15 "variant" synthetic peptide still has the ability to bind 
immunoglobulin. "Variants" can have a higher or lower 
affinity for immunoglobulin than the specified sequence, 
but all synthetic peptides according to the invention are 
characterized in that a plurality of them will 

20 selectively bind immune complexes and aggregated 
immunoglobulins in the presence of monomeric 
immunoglobulin. Preferred "variants" are those in which 
changes in the specified sequence are made so that the 
resulting sequence will assume an alpha helical structure 

25 when modeled by secondary structure prediction programs. 
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The Clq fragment or synthetic peptide may be made in 
a variety of ways. For instance, solid phase synthesis 
techniques may be used. Suitable techniques are well 
known in the art, and include those described in 
5 Merrifield, in Chem. Polvpep t-.i rt*R r pp# 335-61 
(Katsoyannis and Panayotis eds . 1973); Merrifield, J. Am. 

Chem, gQCt , 85, 2149 (1963); Davis et al . , Biochem. 

Int ! 1, 1_Q, 394-414 (1985); Stewart and Young, Solid Phase 
Peptide Synthesis (1969); U.S. Patent No. 3, 941,763; 

10 Finn et al . , in The Proteins. 3rd ed., vol. 2, pp. 105- 
253 (1976); and Erickson et al. in The Proteins , 3rd ed., 
vol. 2, pp. 257-527 (1976). Solid phase synthesis is the 
preferred technique of making individual Clq fragments 
and synthetic peptides since it is the most cost- 

15 effective method of making small peptides. 

The Clq fragment and synthetic peptide may also be 
made in transformed host cells using recombinant DNA 
techniques. To do so, a recombinant DNA molecule coding 
for the fragment or peptide is prepared. Methods of 

20 preparing such DNA molecules are well known in the art. 
For instance, sequences coding for the Clq fragment could 
be excised from Clq genes using suitable restriction 
enzymes. Alternatively, the DNA molecule could be 

synthesized using chemical synthesis techniques, such as 

25 the phosphoramidite method. Also, a combination of these 
techniques could be used. 
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The invention also includes a vector capable of 
expressing the Clq fragment or synthetic peptide in an 
appropriate host. The vector comprises the DNA molecule 
that codes for the Clq fragment or synthetic peptide 
5 operatively linked to appropriate expression control 
sequences. Methods of effecting this operative linking, 
either before or after the DNA molecule is inserted into 
the vector, are well known. Expression control sequences 
include promoters, activators, enhancers, operators, 
10 ribosomal binding sites, start signals, stop signals, cap 
signals, polyadenylation signals, and other signals 
involved with the control of transcription or 
translation . 

The vector must contain a promoter and a 
15 transcription termination signal, both operatively linked 
to the DNA molecule coding for the Clq fragment or 
synthetic peptide. The promoter may be any DNA sequence 
that shows transcriptional activity in the host cell and 
may be derived from genes encoding homologous or 
20 heterologous proteins (preferably homologous) and either 
extracellular or intracellular proteins, such as 
amylases, glycoamylases , proteases, lipases, cellulases 
and glycolytic enzymes. 

The promoter may be preceded by upstream activator 
25 and enhancer sequences. An operator sequence may also be 
included downstream of the promoter, if desired. 
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The vector should also have a translation start 
signal immediately preceding the DNA molecule, if the DNA 
molecule does not itself begin with such a start signal. 
There should be no stop signal between the start signal 
5 and the end of the DNA molecule coding for the Clq 
fragment or the synthetic peptide. 

Expression control sequences suitable for use in the 
invention are well known. They include those of the 
E,cQli lac system, the E.coli trp system, the TAC system 

10 and the TRC system; the major operator and promotor 
regions of bacteriophage lambda; the control region of 
f ilamentaceous single-stranded DNA phages; the expression 
control sequences of other bacteria; promoters derived 
from genes coding for Saccharomyces cerevisiae TPI, ADH, 

15 PGK and alpha- factor ; promoters derived from genes coding 
for Aspergillus oryzae TAKA amylase and A. niaer glycoa- 
mylase, neutral alpha-amylase and acid stable alpha- 
amylase; promoters derived from genes coding for 
Rhizomucor miehei aspartic proteinase and lipase; and 

20 other sequences known to control the expression of genes 
of prokaryotic cells, eukaryotic cells, their viruses, or 
combinations thereof. 

The vector must also contain one or more replication 
systems which allow it to replicate in the host cells. 

25 In particular, when the host is a yeast, the vector 
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should contain the yeast 2u replication genes REP1-3 and 
origin of replication. 

The vector should further include one or more 
restriction enzyme sites for inserting the DNA molecule 
5 coding for the Clq fragment or synthetic peptide and 
other DNA sequences into the vector, and a DNA sequence 
coding for a selectable or identifiable phenotypic trait 
which is manifested when the vector is present in the 
host cell ("a selection marker") . 
10 Suitable vectors for use in the invention are well 

known. They include pUC (such as pUC8 and pUC4K) , pBR 
(such as pBR322 and pBR328), pUR (such as pUR288), phage 
X and YEp (such as YEp24) plasmids and derivatives 
thereof . 

15 In a preferred embodiment, a DNA sequence encoding a 

signal or signal-leader sequence, or a functional 
fragment thereof, is included in the vector between the 
translation start signal and the DNA molecule coding for 
the Clq fragment or synthetic peptide. A signal or 

20 signal-leader sequence is a sequence of amino acids at 
the amino terminus of a polypeptide or protein which 
provides for secretion of the protein or polypeptide from 
the cell in which it is produced. Many such signal and 
signal-leader sequences are known. 

25 By including a DNA sequence encoding a signal or 

signal-leader amino acid sequence in the vectors of the 
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invention, the Clq fragment or synthetic peptide encoded 
by the DNA molecule may be secreted from the cell in 
which it is produced. Preferably, the signal or signal- 
leader amino acid sequence is cleaved from the fragment 
5 or peptide during its secretion from the cell. If not, 
the fragment or peptide should preferably be cleaved from 
the signal or signal-leader amino acid sequence after its 
isolation . 

Signal or signal-leader sequences suitable for use 
10 in the invention include Saccharomyces cerevisiae alpha 
factor (see U.S. Patents Nos. 4,546,082), S. cerevisiae a 
factor (see U.S. Patent No. 4,588,684), and signal 
sequences which are normally part of precursors of pro- 
teins or polypeptides such as the precursor of interferon 
15 (see U.S. Patent No. 4,775,622). 

The resulting vector having the DNA molecule thereon 
is used to transform an appropriate host. This 
transformation may be performed using methods well known 
in the art . 

20 Any of a large number of available and well-known 

host cells may be used in the practice of this invention. 
The selection of a particular host is dependent upon a 
number of factors recognized by the art. These include, 
for example, compatibility with the chosen expression 

25 vector, toxicity to it of the Clq fragment or synthetic 
peptide encoded for by the DNA molecule, rate of 
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transf ormation, ease of recovery of the Clq fragment or 
synthetic peptide, expression characteristics, bio-safety 
and costs, A balance of these factors must be struck 
with the understanding that not all hosts may be equally 
5 effective for the expression of a particular DNA 
sequence . 

Within these general guidelines, useful microbial 
hosts include bacteria (such as E. coli sp . ) , yeast (such 
as Saccharomyces sp.) and other fungi, insects, plants, 

10 mammalian (including human) cells in culture, or other 
hosts known in the art. 

Next, the transformed host is cultured under 
conventional fermentation conditions so that the desired 
Clq fragment or synthetic peptide is expressed. Such 

15 fermentation conditions are well known in the art. 

Finally, the Clq fragment or synthetic peptide is 
purified from the culture. These purification methods 
are also well known in the art. 

The Clq fragment or synthetic peptide may be 

20 utilized to bind aggregated immunoglobulin or immune 
complexes. The Clq fragment or the synthetic peptide may 
be added directly to a fluid containing the aggregated 
immunoglobulin or immune complexes, or may be attached to 
a solid phase before being contacted with the fluid 

25 containing the aggregated immunoglobulin or immune 
complexes . 
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As noted above, a plurality of the Clq fragments or 
of the synthetic peptides selectively binds to immune 
complexes or aggregated immunoglobulins in the presence 
of monomeric immunoglobulin. This makes the Clq 

5 fragments and synthetic peptides particularly well- 
adapted to bind immune complexes and aggregated immuno- 
globulins in fluids containing monomeric immunoglobulin 
and for detecting or quantitating immune complexes in 
such fluids. Fluids which may contain immune complexes 

10 or aggregated immunoglobulins, as well as monomeric 
immunoglobulin, include body fluids (such as blood, 
plasma and serum) and reagent and pharmaceutical products 
(such as animal sera, solutions of gamma globulin, 
isolated blood components, solutions containing 

15 monoclonal antibodies, etc.). 

Individual Clq fragments and synthetic peptides have 
a low affinity for immunoglobulins, including those in 
immune complexes and aggregated immunoglobulins. 
Accordingly, the plurality of Clq fragments or synthetic 

20 peptides must be held in sufficient proximity to each 
other so that multiple points of attachment to the immune 
complex or aggregated immunoglobulins can be made and a 
functional affinity formed (see the discussion of 
functional affinity in the Background section) . This can 

25 be accomplished by forming oligomers of the Clq fragments 
or synthetic peptides ( i.e. , multiple copies of the Clq 
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fragment or synthetic peptide on the same molecule) or by 
attaching the Clq fragments or synthetic peptides to a 
solid phase at an effective density. 

On the oligomers, the Clq fragments and synthetic 
5 peptides will be spaced an adequate distance apart to 
permit the formation of multiple points of attachment 
with immune complexes and aggregated immunoglobulins. As 
a result, the oligomer will have a higher affinity for 
immune complexes and aggregated immunoglobulins than for 

10 monomeric immunoglobulin ( i.e. , a functional affinity) . 
If necessary, amino acid spacers can be used between the 
Clq fragments and synthetic peptides to achieve the 
proper spacing. The oligomers can be prepared in the 
same ways as described above for the Clq fragment and 

15 synthetic peptide. The oligomers may also be attached to 
a solid phase as described below. 

Clq fragments or synthetic peptides may also be 
attached to a solid phase at an effective density. An 
effective density is one that allows the immuno-globulin 

20 binding sites of the Clq fragments and synthetic peptides 
to be spaced apart on the surface of the solid phase in 
such a manner as to permit multiple point attachment with 
the immune complexes or aggregated immunoglobulins. At 
this density, the Clq fragments and synthetic peptides 

25 will bind immune complexes and aggregated immunoglobulins 
in preference to monomeric immunoglobulin because a 
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functional affinity develops. A density which is so low 
that the spacing of the Clq fragments or synthetic 
peptides exceeds the distance between binding sites on 
the immune complexes or aggregated immunoglobulins must 
5 be avoided. The density of Clq fragment or synthetic 
peptide which works best can be determined empirically 
and will depend on such factors as the surface area of 
the solid phase material, mode of coupling, the specific 
nature of the Clq fragment or synthetic peptide used, and 

10 the size of the immune complexes or aggregated 
immunoglobulins . 

The Clq fragments, synthetic peptides and oligomers 
may be attached to any known solid phase material. For 
the Clq fragments and synthetic peptides, a solid phase 

15 which has a relatively non-porous surface is preferably 
used. Since the Clq fragments and synthetic peptides are 
small molecules, it is believed that they may become 
attached to the solid phase in the pores of a porous 
material. They may, therefore, bind immune complexes or 

20 aggregated immunoglobulins less readily since immune 
complexes and aggregated immunoglobulins are very large 
molecules which may not be able to enter the pores. 

Suitable solid phase materials are well known in the 
art. Examples include silica, polyacrylamide , 

2 5 polymethyl-methacrylate, polycarbonate, poly-acrylo- 
nitrile, polypropylene, polystyrene, latex beads and 
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nylon. Commercial sources of suitable solid phase 

materials include ChromatoChem (Missoula, MT) , Pharmacia 
Fine Chemicals (Uppsala, Sweden), and others. 

Also, the Clq fragment or synthetic peptide is 
5 preferably covalently attached to the solid phase 
material. Methods and agents for affecting this covalent 
attachment are well known in the art. Suitable agents 
include carbodiimide, cyanoborohydride, diimidoesters, 
periodate, alkylhalides , succinimides, dimethylpim- 
10 elimidate and dimaleimides [See Blait, A.H., and Ghose, 

T.I./ jL Immunol. Methods , 59:129 (1983); Blair, A.H., 

and Ghose, T.I., Cancer Res. . .41:2700 (1981); Gauthier, 
et al., J. Expr. Med. , 156 : 766-777 (1982)]. 

The Clq fragment or synthetic peptide is also 
15 preferably attached to the solid phase material by means 
of a spacer arm. The purpose of the spacer arm is to 
allow the fragment or peptide to be far enough away from 
the surface of the solid phase so that it can interact 
with the immune complexes and aggregated immunoglobulins 
20 which are very large molecules. 

Suitable spacer arms include aliphatic chains which 
terminate in a functional group such as amino, carboxyl, 
thiol, hydroxyl, aldehyde, or maleimido, which is active 
in a coupling reaction. The spacer arm may be located on 
25 the solid phase or on the Clq fragment or synthetic 
peptide or, preferably, there is a spacer arm on both. 
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If the spacer arm is located on the Clq fragment or 
synthetic peptide, it is preferably a peptide containing 
less than ten amino acids, preferably two to three amino 
acids . 

5 The invention also comprises a method of detecting 

or quantitating immune complexes comprising contacting 
the immune complexes with the Clq fragment or the 
synthetic peptide so that the immune complexes bind to 
the fragment or the peptide. The Clq fragment or 
10 synthetic peptide may be added directly to fluids 
containing the immune complexes or may be attached to a 
solid phase of the types, and in the ways, described 
above . 

The immune complexes can be detected or quantified 
15 using a labeled component that binds to the immune com- 
plexes or to the Clq fragment or synthetic peptide. For 
instance, labeled antibody to immunoglobulin could be 
used. The labels useful in the invention are those known 
in the art such as I 125 , biotin, enzymes, f luorophores, 
20 bioluminescent labels and chemiluminescent labels. 
Methods of binding and detecting these labels are 
standard techniques known to those skilled in the art. 

The immune complexes can be detected or quantitated 
using conventional immunoassay techniques. Such 
25 techniques include agglutination, radioimmuno- assay, 
enzyme immunoassays and fluorescence assays. Enzyme im- 
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munoassays (EIA) are preferred since they provide a means 
for sensitive quantitation of levels of immune complexes. 

The specific concentrations, the temperature and time of 
incubation, as well as other assay conditions, can be 
5 varied in whatever immunoassay is employed depending on 
such factors as the concentration of the immune complexes 
or aggregated immunoglobulins in the sample, the nature 
of the sample and the like. Those skilled in the art 
will be able to determine operative and optimal assay 

10 conditions for each determination while employing routine 
experimentation . 

Since body fluids from mammals normally contain 
immune complexes, comparison of the levels of immune com- 
plexes in a test sample from a mammal will have to be 

15 made to the levels found in normals to identify levels of 
immune complexes indicative of a disease state. 

A test kit for detecting or quantitating immune com- 
plexes is also part of the invention. The kit is a 
packaged combination of one or more containers holding 

20 reagents useful in performing the immunoassays of the 
invention . 

The kit will comprise a container of the Clq 
fragment or a container of the synthetic peptide. The 
Clq fragment or synthetic peptide may be in solution or 
25 attached to a solid phase. The solid phases are the 
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types described above, and the Clq fragment or synthetic 
peptide is attached as described above. 

The kit may further comprise a container holding the 
above-described labeled component that reacts with either 
5 the immune complexes or the Clq fragment or synthetic 
peptide. Finally, the kit may also contain other 

materials which are known in the art and which may be 
desirable from a commercial and user standpoint. Such 
materials include buffers, enzyme substrates, diluents, 

10 standards, etc. 

The Clq fragment or synthetic peptide can also be 
used as an anti-inflammatory drug. Inflammation in some 
diseases, such as rheumatoid arthritis, has been 
associated with the deposition of iminune complexes in 

15 tissues and the activation of the complement cascade. It 
is the binding of Clq to immune complexes deposited in 
the tissues which initiates the complement cascade, and 
the action of the complement components, alone or 
concurrently with other biologic molecules, ultimately 

20 leads to tissue damage. 

Accordingly, a Clq fragment or synthetic peptide 
according to the invention can be administered to a 
mammal suffering from inflammation mediated by the 
classical complement pathway to inhibit the binding of 

25 immune complexes by Clq and, thereby, reduce or prevent 
tissue damage and further inflammation. The Clq 
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fragments or synthetic peptides may be injected at the 
site of inflammation in the mammal or may be administered 
systemically (e.g., intravenously). The advantage of 
such a therapeutic approach is that small peptides are 
5 less likely to illicit an immune response which would 
render the drug inactive. 

Xenotransplants are typically rejected within 
minutes to hours in untreated recipients. This early 
rejection is called hyperacute rejection and results from 

10 recipients having preexisitng xenoreactive natural 
antibodies which bind to antigens of the endothelial 
cells of the donor organ, thereby activating the 
complement cascade. This ultimately results in the 
formation of a membrane attack complex which activates 

15 the endothelial cells or penetrates the cell membrane, 
resulting in cell death and necrosis of the xenograft. 
The activation of endothelial cells is devastating, 
resulting in thrombosis, inflammation and rejection of 
the transplanted tissue. 

20 If hyperacute rejection is blocked and the organ 

lasts a few days without immunosuppresive agents, the 
rejection which may occur without T-cell participation 
would be termed delayed xenograft rejection. Many of the 
proinflammatory changes associated with delayed xenograft 

25 rejection are initiated by xenoantibody-mediated 
endothelial deposition of the complement components 
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proximal to C3 ( e.g. f Clq) . Blocking of delayed 

xenograft rejection would most likely lead to a rejection 
similar to that seen with allografts. 

The Clq fragments and synthetic peptides of the 
5 invention have been found to significantly prolong 
xenograft survival. For instance, in a rat model of 
delayed xenograft rejection, xenograft survival was 
prolonged from about one to three days in controls to up 
to about eight days in treated animals. 

10 Many individuals are not good candidates for 

allografts since they possess polyreactive antibodies. 
These individuals reject transplanted allografts by an 
antibody-mediated mechanism which is analogous to that 
seen in xenograft rejection, but occuring in "slow 

15 motion." Accordingly, it is anticipated that the Clq 
fragments and synthetic peptides of the invention can be 
used to prolong survival of allografts in such 
individuals . 

It has also been found that other peptides that 

20 inhibit the binding of Clq to immunoglobulin may be used 

to treat inflammation and to prolong graft survival. For 

instance, a Protein A fragment or a synthetic peptide 

comprising the following sequence: 

Phe Asn Lys Glu Gin Gin Asn Ala Phe Tyr Glu lie 
25 1 5 10 

Leu His [SEQ ID NO: 8] 
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or variants thereof capable of binding immunoglobulin, 
may be used. SEQ ID NO: 8 is from that portion of Protein 
A which binds to immunoglobulin. The binding of Protein 
A to immunoglobulin occurs near the Clq binding site, 
perhaps overlapping it, so the binding of the Protein A 
fragments and peptides to immunoglobulin hinders or 
prevents the binding of Clq. 

Methods of administering peptides for therapeutic 
uses are well known. Effective dosage forms, modes of 
administration and dosage amounts may be determined 
empirically, and making such determinations is within the 
skill of the art. It is understood by those skilled in 
the art that the dosage amount will vary with the 
particular peptide or fragment employed, the severity of 
the condition, the route of administration, the rate of 
excretion, the duration of the treatment, the identity of 
any other drugs being administered to the mammal, the 
age, size and species of the mammal, and like factors 
well known in the medical and veterinary arts. In 
general, a suitable daily dose of a compound of the 
present invention will be that amount which is the lowest 
dose effective to produce a therapeutic effect. However, 
the total daily dose will be determined by an attending 
physician or veterinarian within the scope of sound 
medical judgment. If desired, the daily dose may be 
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administered in multiple sub-doses, administered 
separately at appropriate intervals throughout the day. 

For the above therapeutic uses, the fragments or 
peptides may be used as such or may be bound to a 
5 macromolecule suitable for in vivo use. Such 
macromolecules include dextran and hetastarch. 

Finally, the invention provides a binding material 
for removing immune complexes or aggregated 
immunoglobulins from a fluid. The material comprises 

10 plural binding peptides, the peptides being characterized 
in that a plurality of them selectively binds immune 
complexes or aggregatged immunoglobulins in the presence 
of monomeric immunoglobulin. Preferably, the binding 
peptides are the Clq fragments of the invention or 

15 synthetic peptides comprising the sequence 

Leu Glu Gin Gly Glu Asn Val Phe Leu Gin Ala Thr 
15 10 

[SEQ ID NO 2] 

20 

or combinations of the two. 

Individual binding peptides have a low affinity for 
immunoglobulin. Accordingly, the plurality of binding 
peptides must be held in sufficient proximity to each 
25 other so that multiple points of attachment to the immune 
complex or aggregated immunoglobulins can be made and a 
functional affinity is formed. This can be accomplished 
by forming oligomers of the binding peptides or by 
attaching the binding peptides to a solid phase at an 
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effective density as described above for the Clq 
fragments and synthetic peptides. The methods of 

preparation, and properties, of the resulting oligomers 
and solid phase materials are as described above for the 
5 Clq fragments and synthetic peptides. Also, the 

oligomers of Clq fragments or synthetic peptides and the 
solid phase materials having Clq fragments or synthetic 
peptides attached to them at an effective density that 
are described above are examples of binding materials 

10 according to the invention. 

Immune complexes and aggregated immuno- globulins 
can be removed from fluids containing them by contacting 
the fluids with the binding material, and then separating 
the fluid from the binding material. The fluid is simply 

15 contacted with the binding material. Such contact can be 
effected by passing the fluid through a device containing 
the binding material so that the fluid may contact the 
binding material. Alternatively, the fluid may be 
incubated statically with the binding material in the 

20 device. The duration of the contact is not bound to 
critical limits although it should, of course, be 
sufficient to allow aggregated immunoglobulin or immune 
complexes to be bound by the binding peptides. The 
binding material of the invention is especially well- 

25 adapted to be used to remove aggregated immunoglobulins 
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or immune complexes from fluids containing monomeric 
immunoglobulin such as those listed above. 

The invention also comprises a device for removing 
immune complexes or aggregated immunoglobulins from a 
5 fluid. The device comprises the binding material and a 
means for encasing the material so that the fluid can be 
contacted with it. Binding materials having binding 
peptides attached to a solid phase are preferred. 

The encasing means may be a plastic bag, a column, a 
10 test tube, plastic tubing, encasing means like those used 
on plasmapharesis devices, and other suitable encasing 
means. The encasing means should be made of a material 
which is not harmful to the fluid to be placed in the 
device . 

15 Thus, the device may be a typical plasmapharesis 

device in which the solid phase is a membranous surface 
or hollow fibers to which the binding peptides are 
attached. The device may also be a column packed with 
beads or any suitable solid phase having the binding 

20 peptides attached to it. The device may be a test tube 
filled with beads to which the binding peptide is 
attached. 

Other devices are also possible. For instance, the 
binding material may be beads (such as silica beads) to 
25 which the binding peptides are attached at a suitable 
density to selectively remove immune complexes or 
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aggregated 



immunoglobulins 



from 



fluids 



containing 



monomeric immunoglobulin . 



The means for encasing the 



beads may be a plastic bag of e.g., the type used for 
transfusions. The fluid containing the immune complexes 
5 or aggregated immunoglobulins is mixed with the beads in 
the bag and incubated for a time, and at a temperature, 
sufficient to allow the immune complexes or aggregated 
immunoglobulins to bind to the binding peptides. Then 
the beads are allowed to settle (or may be centrifuged) , 

10 and the fluid, from which immune complexes have been 
removed, is decanted. 

For therapeutic uses, a solid phase binding material 
can be encased online in an extracorporeal device through 
which whole blood or plasma can be circulated dynamically 

15 so that the immune complexes contained therein are bound 
and removed from the blood or plasma. An alternative 
would be to statically incubate the whole blood or plasma 
in a device such as the plastic bag device described 
above. In either case, fluids can be returned to the 

20 body after the incubation or passage is complete, 
negating the need for blood replacement therapy. 

A device intended for therapeutic use may also 
include appropriate tubing for connecting it to a patient 
and a pump to aid the passage of the fluid through the 

25 device and back into the patient and to prevent air from 
entering the system. The device must be sterilized for 
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therapeutic use, and sterilization may be accomplished in 
conventional ways such as purging with ethylene oxide or 
by irradiating the device. 

5 EXAMPLES 

Unless otherwise indicated, the chemicals used in 

the following Examples were obtained from Sigma Chemical 
Co., St. Louis, Mo. 

10 EXAMPLE 1: Peptide Synthesis 

A. Peptide Design and Structure 

X-ray crystal structural data for Protein A 
Fragment B indicated that two coplanar a-helical segments 
with the proper contact residues (see Background) could 

15 bind immunoglobulin Fc with a high affinity. Deisenhofer 

et al., HQppe-Seyler ; s Phvsiol. Chem. Bel- . 359 , S. 

975-85 (1978); Burton, Molec. Immunol. , 25 , 1175-81 
(1988); Langone, Adv. Immunol. , 32, 157-252 (1982). As 
discussed above, Clq also binds IgG Fc . Thus, the 

20 question was posed whether Clq bound IgG Fc using 
structures similar to those found in Protein A 
Fragment B. Unfortunately, structural information 

regarding the Clq molecule was limited, and information 
concerning the Clq binding site for immunoglobulin was 

25 nonexistent. 
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However, the amino acid sequences of the entire A 
and B chains and a partial sequence for the C chain of 
Clq were available. Reid, Biochemical J . . 179 , 367-71 
(1978); Reid, et al . , Biochemical J. . 203 , 559-69 (1982), 
5 These sequences were analyzed by the secondary structure 
prediction programs of Garnier al . , J. Molec. Biol. , 

120 , 97-120 (1978) and Chou and Fasman, Adv. Enzym. . 47., 
45-146 (1978) . Of the predicted alpha helical regions, 
one helical region in the Clq B chain globular head 

10 region spanned 12 residues, suggesting a high probability 
that the helix prediction was accurate. 

The predicted helical segment of Clq B chain 
(residues 189-200) was then compared to one Protein A 
Fragment B helix (residues 142-153) , and homology was 

15 observed (see Figure 1) . Four amino acids were exact 
matches, while three additional residues showed con- 
servative substitutions. Out of three possible contact 
residues on the Protein A helix, Clq possessed two 
similar residues. Further analysis of the two sequences 

20 was achieved through the use of helical wheel diagrams 
(Figures 2A-C) . These diagrams showed that the pattern 
of hydrophobic and hydrophilic residues observed for the 
Protein A helix known to contact immunoglobulin was 
similar to that of the predicted Clq helix. 

25 Therefore, the 12-residue sequence of Clq having the 

predicted helical structure was synthesized. Two Leu 
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residues were added to the carboxyl-terminus as spacing 
residues to separate the potentially active residues from 
a future solid phase matrix. A Cys residue was also 
added to the carboxyl-terminus to allow for coupling to 
5 solid phases using certain coupling procedures. The 
final amino acid sequence, designated CBP2, is presented 
in Figure 1. 

B. S yntheg i g 

The CBP2 sequence was submitted to Biosearch Inc. 

10 (San Rapheal, CA) for custom peptide synthesis using the 
standard Merrifield solid phase synthesis approach. 
Merrifield, in Chem. Polypeptides , pp. 335-61 
(Katsoyannis and Panayotis eds . , Plenum, New York, N.Y. 
1973) . Approximately 250 mg of the peptide in 

15 lyophilized form were obtained. 

Biosearch 1 s quality control information was based on 
amino acid analysis and analytical reverse phase HPLC. 
The chromatograph provided by Biosearch showed that the 
initial purity of the peptide was approximately 40-50%. 

20 Biosearch did not provide the results of the amino acid 
analysis, but they stated that the composition of the 
peptide had to be within +/- 20% of the calculated values 
for each amino acid of the peptide in order to pass their 
quality control. Therefore, the CBP2 peptide should have 

25 had the correct amino acid sequence. 
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C • Purification 

In addition to the purification performed by 
Biosearch, the peptide was further purified by gel 
filtration chromatography. The lyophilized CBP2 was not 
5 soluble in aqueous solvents and required 50% (v/v) N,N- 
dimethylformamide (DMF) (J. T. Baker Chemicals, 
Phillipsburg, NJ) to completely dissolve. Due to the 
high hydrophobic character of the solvent, Sephadex G25 
(Pharmacia, Piscataway, N.J.) was used for the 

10 chromatography. A column of dimensions 0.7 x 40 cm was 
poured and equilibrated with 1% (v/v) DMF in distilled 
water (dH 2 0) . A 2 mg/ml sample of CBP2 was prepared in 
50% (v/v) DMF, and 1 ml of the sample was loaded on the 
column and eluted with 1% DMF at a flow rate of 1 ml/15 

15 min. One ml fractions were collected. 

The column fractions were assayed for peptide by the 
Bicinchoninic Acid (BCA) protein assay (Pierce Chemical 
Co., Rockford, IL) according to the manufacturer's 
instructions. Briefly, duplicate 30 ]il aliquots from 

20 each fraction were placed in the wells of a microtiter 
plate, followed by the addition of 300 ]il of BCA protein 
reagent* In addition to the column fractions, samples 
ranging from 1 mg/ml to 0.1 pg/ml Val-Gly-Gly peptide 
(Sigma Chemical Co., St. Louis, MO) were also added to 

25 the microtiter plate to prepare a standard curve. The 
plate was incubated at 37°C for 1 hour, and the resultant 
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colored product measured using a TiterTek Multiskan plate 
reader (Flow Laboratories, McLean, VA) at 560 nm. The 
absorbances were then plotted against fraction number to 
generate the chromatogram. 
5 A 1% (v/v) DMF sample was also tested in the BCA 

assay as a control. DMF was shown by these experiments 
not to interfere with the detection of the peptides in 
the column fractions . 

A 1.2 fold increase in peptide purity with a 41% 

10 yield of peptide was obtained. A representative chroma- 
tograph for CBP2 is shown in Figure 3. The profile 
showed a symmetrical major peak at 250 minutes and 
several minor peaks representing contaminants. It should 
also be noted that purified CBP2 was readily soluble in 

15 1% (V/V) DMF, indicating that it may be the impurities in 
lyophilized CBP2 that could only be dissolved in 50% DMF. 

In addition to the standard BCA assay for peptides, 
the absorbance profile for CBP2 migrating in the Sephadex 
G25 column was measured at 230 nm. The absorbance 

20 profile shown in Figure 3 confirms the results of the BCA 
assay in that the CBP2 peak had a retention time of 250 
minutes. It is important to note that the UV absorbance 
profile at 230 nm is most sensitive to amide bonds. 
Since the CBP2 peak was the major source of absorbing 

25 material, the remaining impurities may not contain amide 
bonds and, therefore, may not be peptides. 
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Th e CBP2 retention time in the Sephadex G25 column 
suggested a larger molecular weight than the calculated 
molecular weight based on the amino acid sequence of the 
peptide. Therefore, under the same conditions, samples 
5 of glucagon, LHRH, and a mixture of glucagon and LHRH 
were loaded and eluted from the Sephadex G25 column. 
Glucagon (3550 daltons) had a retention time of 247 
minutes and LHRH (1182.33 daltons) had a retention time 
of 277.4 minutes. CBP2 (1556.98 daltons) had a retention 

10 time similar to glucagon, suggesting that CBP2 migrated 
through the Sephadex G25 column as an aggregate of at 
least two peptides. Concentration dependent aggregation 
of amphipathic peptides has been documented. DeGrado et 
al., jL ML Chem. Soc , 103 , 679-81 (1981); Taylor et 

15 al., Mol t Pharmacol t , 22, 657-66 (1982); Moe and Kaiser, 

Biochem. , 24, 1971-76 (1985) . 

Analytical C 18 reverse phase HPLC was used in order 
to assess the purity of the CBP2 isolated from the 
Sephadex G25 column. The conditions used for the 

20 chromatography were the same as those used by Biosearch. 
Briefly, 500 jig/ml of CBP2 in 1% (v/v) DMF in dH 2 0 and 4 
mg/ml dithiothreitol (the peptide was incubated over 
night with the DTT in order to reduce any disulfide bonds 
that may have formed) were passed over a Vydac (Hesperia, 

25 CA) C a8 analytical column (product #218TP54) with 
dimensions 4.6 mm x 25 cm and using the following buffers 
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and conditions. Buffer A: 0.05% (v/v) trif luoroacetic 
acid (TFA) in dH 2 0. Buffer B: 0.05% (v/v) TFA in 
acetonitrile . Column conditions: A 100 ]il sample was 
injected, and 5% buffer B was maintained for 3 min at 1.7 
5 ml/min followed with a gradient of 5-100% buffer B over 
the next 2 0 min. The peptide was detected with a Beckman 
(Palo Alto, CA) UV variable wavelength detector at 230 
nm. 

It is important to note that CBP2 was treated with 

10 DTT overnight before the analysis in order to disrupt any 
disulfide bonds that may have formed. Figure 4A shows a 
representative chromatograph of the reduced isolated 
CBP2. CBP2 comprised 80% of the absorbing material, 
indicating that the Sephadex G25 isolated CBP2 was 

15 relatively pure. With exception of the peaks at 4.4 
minutes, the remaining peaks were retained in the column 
significantly longer than CBP2, suggesting that the 
impurities were of smaller molecular weight and/or were 
much more hydrophobic than CBP2 . 

20 Since CBP2 did contain free cysteine residues, it 

was necessary to determine the CBP2 profile in the 
absence of DTT to assess the extent of disulfide forma- 
tion. In addition, K 3 Fe(CN) 6 , which would favor the 
formation of disulfides, was added to the reduced CBP2 

25 solution. This process was necessary to determine the 
retention time of the disulfide aggregated CBP2 . Fig- 
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ure 4B shows the CBP2 profile without the reduction of 
disulfides. A strong absorbance peak at 4.4 minutes 
possessing 28% of the total absorbance was the only 
significant difference between reduced and nonreduced 
5 CBP2 (compare Figures 4A and 4B) . The addition of 
K 3 Fe(CN) 6 to the reduced CBP2 solution and the subsequent 
analysis showed that the peak at 4.4 minutes in Figure 4B 
was due to disulfide aggregated CBP2 . In Figure 4C, the 
addition of the oxidizing reagent caused a decrease in 

10 the reduced CBP2 peak with an accompanying increase in 
the 4.4 minute peak which represented 68.7% of the total 
area. Therefore, the 4.4 minute peak was the disulfide 
aggregated CBP2 . 

It is important to note that in all three chroma- 

15 tographs in Figure 4, CBP2 comprises at least 80% of the 
total area, with the combination of the reduced and 
nonreduced CBP2 peaks representing approximately 90% of 
the total area. Based on the results of the three 
chromatographs, it was concluded that the purity of CBP2 

20 was 80-90%. 

D. CD Spectroscopic Analysis Of CBP2 

Circular dichroism (CD) spectroscopy was performed 
on an Aviv 60DS spectropolarimeter . The sample consisted 
of 200 \il of 200 pg/ml CBP2 dissolved in 10 mM sodium 
25 phosphate buffer, pH 7.0, at room temperature. A 1 mm 
path length was used. 
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Under these conditions, CBP2 exhibited a CD spectrum 
characteristic of a random coil peptide. The lack of 
structure was expected for small peptides such as CBP2 . 



5 EXAMPLE 2: Inhibition Studio 

A. Titration of Rabbit Immunoglobulin 
Bound bv Solid Phase Pr otein A 

Protein A (recombinant Protein A from Repligen, 

10 Cambridge, MA) diluted to 1 ug/ml in coating buffer (0.1 
M NaHC0 3/ pH 9.0) was incubated in the wells of a 
microtiter plate (100 ]il per well) for 2 hours at 37°C. 
Uncoated surfaces of the wells were blocked by adding 340 
jil PBSC (9 mM Na 2 HPO,, ImM NaH 2 P0 4 , pH 7.2, 154 mM NaCl, 1 

15 mg/ml casein or ovalbumin, and 0.01% thimerosal), 
incubating the plate 1 hour at 37°C, and then washing the 
wells 3 times with PBSCT (PBSC plus 0.1% Tween 20). 
Dilutions of rabbit immunoglobulin labeled with 
horseradish peroxidase (Ig-HRP) (Zymed Laboratories, 

20 Inc., South San Francisco, CA) in PBS (9 mM Na 2 HP0 4 , ImM 
NaH 2 P0 4 , pH 7.2, 154 mM NaCl) were incubated in the wells 
(100 ]il per well) for 2 hours at 37°C followed by washing 
3 times with PBS. OPD substrate buffer (0.8 mg/ml o- 
phenylenediamine, 0 . 1M Na 2 HP0 4 , 0.05 M sodium citrate, pH 

25 5.5, plus 0.15% (v/v) H 2 0 2 ) was then added to the wells 
(100 jil/ well) , and the resultant colored product was 
measured with a Titertek Multiskan plate reader using a 
414 nm filter. 
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B. CBP2 Inhibition of Solid 
Phase Adsorbed Protein A. 

It had previously been reported that Clq and 
5 Protein A compete exclusively for IgG (Burton, Molec. 
Immunol, , 22, 161-206 (1985); Stalinheim et al. , Immuno- 
chem. , 10, 501-507 (1973); Langone et al . , J, Immunol. . 
121 , 327-38 (1978); Lancet et al . , Biochem. Biophys, Res. 
Commun, , 85, 608-614 (1978)). Accordingly, CBP2 was 
10 tested for inhibition of the binding of Ig-HRP by 
Protein A. 

The wells of a microtiter plate were coated with 
Protein A as described above in Part A. Ig-HRP diluted 
1:5000 in PBS (the dilution determined by the protein A 

15 titration experiment of Part A; original Ig-HRP 
concentration of 3.3 mg/ml) was preincubated with various 
concentrations of CBP2 for 1 hour at 37°C before 100 ]il 
of the incubation mixture were added to each well of the 
microtiter plate. The CBP2/Ig-HRP mixture was incubated 

20 with the solid phase adsorbed Protein A for 2 hours at 
37°C and then washed 3 times with PBS. OPD substrate 
buffer was then added (100 pl/well), and the resulting 
colored product was measured at 414 nm in a Titertek 
Multiskan plate reader. Absorbance readings were made 

25 when the control wells with no inhibitor had an 
absorbance of 1.0 or greater. 
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The results, which are shown in Figure 5, show that 
CBP2 was able to inhibit Protein A binding of Ig-HRP by 
nearly 100%. The concentration at 50% inhibition was 
approximately 1 yM which is a 1000-fold greater 
5 concentration than the 1 nM 50% inhibition concentration 
for solution phase Protein A (see Figure 5) . Since the 
50% inhibition concentration for Protein A is comparable 
to its dissociation constant, the 50% inhibition con- 
centrations were considered a good measure of the binding 

10 affinity of the inhibitor. 

C. Titration of Ig-HRP Bound by Solid Phase Clq. 
Clq (gift of Dr. Lawrence Potempa, Immtech 
International Inc., Evanston, IL) diluted to 10 pg/ml in 
coating buffer was placed in the wells of a microtiter 

15 plate (100 pl/well) and incubated for 2 hours at 25°C. 
The uncoated surfaces of the wells were blocked by adding 
340 |il PBSC and incubating the plate for 1 hour at 25°C, 
followed by washing 3 times with PBSC. Dilutions of Ig- 
HRP in Clq buffer (50 mM Tris, pH 7.2, 27 mM NaCl, ImM 

20 CaCl 2 , 0.01% (wt/v) Thimerosal) were incubated in the 
wells (100 pi/well) for 1 hour at 25°C followed by 
washing 3 times with Clq buffer, OPD substrate buffer 
was then added (100 ial/well) , and the colored product was 
measured at 414 nm in a Titertek Multiskan plate reader. 



25 
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D. CBP2 Inhibition of Solid Phase Clg . 

Clq was coated onto the surface of the wells of a 
microtiter plate as described in Part C, Ig-HRP diluted 
1:100 (the dilution determined from the Clq titration 
5 experiment described above in Part C) in Clq buffer was 
preincubated with various concentrations of CBP2 for 1 
hour at 25°C. The Ig-HRP/CBP2 mixture was then added to 
the microtiter plate (100 pl/well) , and the plate was 
incubated for 1 hour at 25°C, followed by 3 washes with 

10 Clq buffer. OPD substrate buffer (100 pl/well) was then 
added and the colored product measured at 414 nm in a 
Titertek Mutiskan plate reader. 

The resulting inhibition curve is presented in 
Figure 6. The 50% inhibition concentration was 

15 approximately 10 pM, which was an order of magnitude 
higher than the 50% inhibition concentration for CBP2 
inhibiting Protein A. The 50% inhibition concentration 
for liquid phase Clq inhibiting solid phase Clq was 
approximately 10 nM or 1000 fold less than the CBP2 

20 concentration (see Figure 6) . 

E. Control Experiments For CBP2 
Inhibition Of Protein A And Clq 

In order to conclude that CBP2 was binding 

25 immunoglobulin and not causing an inhibition in the assay 

system through a nonspecific interaction, a series of 

control experiments were performed. 
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1. The effects of CBP2 on the HRP enzyme were 
investigated* Ig-HRP at a 1:100 dilution in PBS or Clq 
buffer was incubated with 50 pM CBP2 or an equal amount 
of l%(v/v) DMF for 3 hours at 37°C. Aliquots of 100 yil 

5 were placed in the wells of a microtiter plate and an 
equal volume of OPD substrate buffer was added, and the 
colored product was measured at 414 nm. Both the CBP2 
and Ig-HRP were at the highest concentrations tested in 
the inhibition assay. The sample which contained both 
10 peptide and Ig-HRP did not differ significantly from the 
control sample containing the Ig-HRP alone. Therefore 
CBP2 did not inhibit the HRP enzyme. 

2. Protein A at 1 pg/ml or Clq at 10 yig/ml diluted 
in coating buffer was incubated in the wells of a 

15 microtiter plate (100 pl/well) for 2 hours at 37°C or 
25°C, respectively. The wells were blocked in the same 
fashion as described above for each assay. Various con- 
centrations of CBP2 diluted in PBS or Clq buffer were 
incubated in the wells (100 ill/well) for 2 hours at 37°C 

20 or 1 hour at 25°C, respectively, followed by washing the 
wells 3 times with either PBS or Clq buffer. Ig-HRP was 
then added at the appropriate dilution in either PBS or 
Clq buffer and incubated under the appropriate 
conditions, followed by washing 3 times with PBS or Clq 

25 buffer. OPD substrate buffer was then added (100 
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pl/well), and the colored product was measured at 414 nm 
as described above. 

3. Excess protein (1 mg/ml casein) was added to the 
buffers used to dilute the Ig-HRP/CBP mixture. 

5 Controls 2 and 3 tested for nonspecific protein- 

protein or protein-peptide interactions. If there were 
such interactions, then there would be a loss of CBP2 1 s 
inhibitory activity in test 3, and no such loss was 
observed. In test 2, any loss in CBP2 1 s inhibitory 
10 activity would indicate that CBP2 was blocking the solid 
phase Protein A or Clq binding sites and not interacting 
with Ig-HRP. No loss of inhibitory activity was 

detected. 

4. Equal molar concentrations of luteinizing 
15 hormone releasing hormone (LHRH) (Beckman Instruments, 

Palo Alto, CA) or various concentrations of Protein A 
were substituted for CBP2 in the inhibition assay 
described in Part B. In the case of the Clq inhibition 
experiments, LHRH and Clq were substituted for CBP2 as a 

20 negative and a positive control, respectively. The use 
of LHRH also tested whether the inhibition of Protein A 
or Clq by CBP2 was due to CBP2 specifically, or simply 
due to nonspecific effects attributable to a small 
peptide. The results are shown in Figures 5 and 6. As 

25 indicated in these figures, LHRH demonstrated no Protein 
A or Clq inhibitory activity over the same concentration 
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range examined for CBP2, and both Protein A and Clq were 
inhibitory, as expected. 

5. Concentrations of Ig-HRP required for the Clq 
assays were 50 fold higher than the concentration used 

5 for Protein A assays. The reason for the higher 
concentration is that only a small fraction of Ig-HRP 
existed as complexes that could be bound by Clq. This 
was demonstrated by fractionating the Ig-HRP as follows. 
A 40 vi 1 sample of Ig-HRP was loaded onto a TSK SW 4000 

10 sizing HPLC column (Beckman/Altex TSK 4000 SW, 7.5 mm x 
30 cm) . Only the high molecular mass eluted fractions 
exhibited any Clq binding activity as determined by a Clq 
binding assay performed as described above. The results 
of this assay indicated that the Clq binding material was 

15 a fraction having molecular weight of approximately 1,000 
kdal, indicating a complex of immunoglobulins and HRP 
enzymes, and not a monomeric immunoglobulin plus HRP 
enzyme . 

6. With respect to Clq, nonspecific ionic 
20 interactions could not be excluded since the Clq buffer 

was half-physiological ionic strength. The ionic 

strength of the Clq buffer could not be changed since Clq 
binding of immunoglobulins is partially mediated by ionic 
interactions. However, based on the Protein A inhibitory 
25 activity of CBP2 in physiological ionic strengths, it was 
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a reasonable assumption that CBP2 inhibition was not 
primarily the result of nonspecific ionic interactions. 

7. Proteins when adsorbed to the polystyrene wells 
of a microtiter plate may partially lose their native 
5 conformation. Therefore, CBP2 was also screened for any 
interactions with solution phase Protein A. Protein A 
was incubated in the wells of a microtiter plate (100 
Ill/well) for 2 hours at 37°C at 1 ug/ml in coating 
buffer, and the wells blocked as described above. 

10 Protein A at a constant concentration (corresponding to 
either 100 times the 50% inhibition concentration, the 50 
% inhibition concentration, or 10 fold less than the 50% 
inhibition concentration) was preincubated with CBP2 and 
Ig-HRP in PBS for 1 hour at 37°C. The Protein A/CBP2/Ig- 

15 HRP mixture was then incubated in the wells of the 
microtiter plate (100 yil/well) for 2 hours at 37°C and 
washed 3 times with PBS. OPD substrate buffer was then 
added (100 jil/ well), and the resultant colored product 
was measured at 414 nm as before. 

20 At Protein A concentrations at or above the 50% 

inhibition concentration, there was a linear, additive 
response, indicating no interaction between CBP2 and 
Protein A. At Protein A concentrations below the 50% 
inhibition concentration, the curve is analogous to the 

25 CBP2 inhibition curve in the absence of solution phase 
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Protein A. This also suggests that CBP2 and Protein A 
are not interacting. 

8. Since the CBP2 peptide has a free cysteine 
residue, the effects of DTT on the inhibition assay were 
5 examined. DTT was added to the buffer containing CBP2 
(final DTT concentration 4 mg/ml) , and the CBP2 was 
incubated with the DTT for 2 hours at 37oc to ensure that 
the cysteine residues of CBP2 were reduced. Then the 
inhibition assay using solid phase Protein A was 
10 performed as described above. 

The addition of DTT to the CBP2 solution had no 
effect on the inhibitory activity of CBP2 . These data 
indicate that CBP2 does not inhibit by forming disulfide 
interaction with Protein A or Ig-HRP and that disulfide- 
15 mediated CBP2 aggregates did not have a significant 
influence on CBP2 1 s ability to inhibit the binding of Ig- 
HRP to Protein A. 

F. Conclusions 

Based on the inhibition data in conjunction with the 
20 above controls, it can be concluded that CBP2 inhibits 
Clq and Protein A binding of Ig-HRP through a binding 
interaction with solution phase Ig-HRP. The results 
indicate that CBP2 binds immunoglobulin in a specific 
manner . 



25 
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EXAMPLE 3: HiPAC™ LTO Column 

A HiPAC™ LTQ (ChromatoChem, Missoula, MT) activated 
aldehyde column of dimensions 7.4mm x 1.9cm was 
equilibrated with 6 ml of immobilization buffer (0.1 M 
5 sodium citrate, pH 5.5) . This column is composed of 
silica beads to which a long carbon chain spacer arm is 
attached. A ligand coupling solution containing 500 yg 
CBP2 and 20 mg/ml sodium cyanoborohydride in immobiliza- 
tion buffer was prepared. This was continuously 

10 circulated through the column for 5 min at 25°C at a flow 
rate of 1-2 ml/min. The coupling solution was then 
eluted from the column and collected. The column was 
subsequently washed with 6 ml immobilization buffer which 
was also collected. The column was then washed with 6 ml 

15 of 2% (v/v) acetic acid and equilibrated with 6 ml Clq 
buffer . 

The coupling procedure linked CBP2 to the solid 
phase support through the N-terminal amino group, leaving 
the C-terminal cysteine's sulfhydryl available as a 

20 marker. The Ellman's reagent assay (Ellman, Arch . 

Biochem. Biophys . , .82, 70-77 (1959) ) was, therefore, used 
to measure the amount of CBP2 bound to the column since 
Ellman's reagent (5, 5-dithio-bis- ( 2-nitrobenzoic acid) ) 
reacts with free sulfhydryl groups. 

25 To perform the Ellman's reagent assay, the column 

was first washed with a 4 mg/ml solution of DTT in order 
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remove any peptides linked to the solid phase by 
disulfide bonds. Then the column was washed with Clq 
buffer until the eluate showed no reactivity with 
Ellman's reagent. The column was then equilibrated with 
5 6 ml of 0.1 N Na 2 HP0 4 , pH 8.0. Next, 1 ml of a solution 
of 400 pg/ml Ellman's reagent in 0.1 N Na 2 HP0 4 , pH 8.0, 
was continuously passed over the column for 15 min. The 
Ellman's reagent solution was eluted from the column, 
collected, and the column washed with 6 ml of 0.1 N 

10 Na 2 HP0 4 , pH 8.0. One ml of a 4 mg/ml solution of DTT was 
passed over the column, and the eluate was collected. 
The column was then washed with 6 ml Clq buffer and the 
eluates collected. The resulting colored products were 
measured at 412 nm. 

15 The moles of CBP2 coupled to the column were 

proportional to the moles of Ellman's reagent reacting 
with the column ( i.e. , the amount of Ellman's reagent 
eluted with the DTT) which was calculated using a molar 
extinction coefficient of 1 . 36xlOVcm*M for the free 

20 thionitrobenzoic acid. The assay of the column indicated 
that 84% of the CBP2 added to the column was coupled to 
the solid phase, or approximately 420 jig CBP2 . 

It should be noted that attempts to measure CBP2 in 
eluted fractions using various techniques (BCA assay, UV 

25 spectroscopy, 2 , 4 , 6-trinitrobenzene sulfonic acid and the 
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Ellman's reagent assay) were unsuccessful because the 
cyanohydride reagent interf erred with those assays. 

Two control columns were prepared along with the 
CBP2 column. LHRH was coupled to the matrix in the same 
5 fashion as CBP2 and at the same concentration as CBP2 as 
determined by UV spectroscopy. A similar percentage 
(78%) of LHRH was coupled to the column by reductive 
amination as with CBP2 (84%) . Another column was treated 
in the same fashion as the CBP2 and LHRH columns, but no 
10 peptide or protein was coupled ("No peptide" column), 
thus allowing the study of nonspecific binding effects in 
the following experiments. 



EXAMPLE 4: PAP Binding To The HiPAC™ LTO-CBP2 Column. 

15 A CBP2 column prepared as described in Example 3 was 

equilibrated with 3 ml Clq buffer. Immune complexes 
composed of rabbit anti-horseradish peroxidase and 
horseradish peroxidase (PAP) (purchased from Organon 
Teknika/Cappel, West Chester, PA) at a concentration of 

20 20 yg/ml in Clq buffer (a total volume of 1 ml) were 
loaded onto the column and incubated for 15 min at 25°C 
with continuous circulation through the column. Unbound 
PAP complexes were eluted with 12 ml Clq buffer (at a 
flow rate of 0.33 ml/min, collecting 1 ml fractions) 

25 followed by 3 ml of 2% (v/v) acetic acid to elute bound 
PAP. 
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A. Peroxidase Assays 

The column fractions were assayed for peroxidase 
activity by placing duplicate 20 pi aliquots into the 
wells of a microtiter plate and adding 100 ]il of OPD 
5 substrate buffer. The absorbances were measured at 
414 nm in a Titertek Multiskan plate reader. The 
absorbances were then plotted against fraction number to 
generate the chromatograph . In addition to the samples, 
a standard curve was prepared, and a linear regression 

10 analysis was performed. From the standard curve the 
concentration of PAP in each fraction was calculated. 

The resulting profile is presented in Figure 7. The 
elution profile shows two major peaks. The first peak 
was material that did not bind to the column and which 

15 was readily eluted with Clq buffer. This material 

appeared to make up the larger fraction of the PAP loaded 
on the column. In fact, using the standard curve and 
linear regression analysis, the flow-through peak was 
calculated to contain approximated 90-95% of the total 

20 PAP. The second peak was the material bound by the 
column and eluted with the acetic acid. The bound 
material was only 5-10% of the total PAP loaded on the 
column . 

Although the efficiency of the column appeared to be 
25 low, the column did bind immune complexes. Therefore, it 
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was determined whether the column bound immune complexes 
specifically and in a CBP2-dependent manner. 

One ml containing PAP complexes at a concentration 
of 20 pg/ml and monomeric rabbit IgG at a concentration 
5 of 80 yg/ml in Clq buffer was loaded on a CBP2 column 
prepared as described in Example 3, that had been 
equilibrated with 3 ml of Clq buffer. The PAP/IgG 
mixture was circulated through the column continuously 
for 15 min and then eluted with 12 ml Clq buffer at a 

10 flow rate of 0.33 ml /min. Material bound to the column 
was eluted with 3 ml of 2% (v/v) acetic acid followed by 
6 ml of Clq buffer. (The flow rates and fractions were 
the same as for PAP alone.) The fractions were assayed 
for the presence of peroxidase activity in the same 

15 fashion as described above and the concentration of PAP 
was calculated from the standard curve. 

Once again two peaks were observed (Figure 8) . The 
first peak represented the flow-through, and contained 
95% of the total PAP loaded on the column. The amount of 

20 material bound to the column in the second peak also 
remained unchanged at approximately 5%. Since the 

elution profiles of PAP, both with and without monomeric 
IgG, were not different with respect to the quantities of 
material in each peak and the retention times of the 

25 peaks, it appeared that the column specifically bound 
immune complexes. 
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B . Enzyme Immunoassay For IgG 

PAP complexes were loaded onto a CBP2 column and 
eluted from it as described in Part A. Also, monomeric 
IgG at a concentration of 80 pg/ml in 1 ml of Clq buffer 
5 was loaded onto a CBP2 column and eluted from it in the 
same manner. 

The fractions were then assayed for immunoglobulin 
by enzyme immunoassay as follows* Duplicate 50 pi 
aliquots of each fraction were placed in the wells of a 

10 microtiter plate. Fifty ]il of coating buffer were then 
added, and the plate was incubated at 37°C for 2 hours. 
The uncoated surfaces of the wells were then blocked by 
adding 340 ]il of PBSC, followed by incubation of the 
plate for 1 hour at 37°C. The wells were washed 3 times 

15 with PBSCT, and a 1:2000 dilution of goat anti-rabbit IgG 
that was labeled with biotin (anti-rabbit IgG) (Vector 
Laboratories, Inc., Burlingame, CA) was added (100 
Ul/well) . The anti-rabbit IgG was incubated in the wells 
for 2 hours at 25°C, and the wells were washed 3 times 

20 with PBSCT. Next, a 1:2000 dilution of streptavidin~J5- 
galactosidase (BRL-Life Technologies, Gaithersberg, MD) 
in PBSCT was added to the wells ( lOOpl/well ) , the plates 
were incubated for 2 hours at 25°C and washed 3 times 
with PBSCT. Fluorogenic substrate in buffer (5 mg/ml of 

25 4-methylumbellif eryl-ft-D-galactoside in DMF diluted, 1:50 
in 0.01 M sodium phosphate buffer, pH 7.5, containing 
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0*1 M NaCl and 1 mM MgCl 2 ) was added to the wells (100 
VLl/well) , and the resulting fluorescence was measured 
with a Dynatech MicroFluor plate reader (Dynatech, 
Alexandria, VA) using 365 nm as the excitation wavelength 
5 and 450 mn as the emission wavelength. 

In addition to the samples, standard curves of IgG 
and PAP dilutions were prepared, and a linear regression 
analysis was performed. The standards demonstrated a 
linear response in fluorescence to PAP and IgG 

10 concentration as confirmed by the linear regression 
analysis. From the standard curves, the concentration of 
PAP or IgG in each fraction was calculated. 

The linear regression analysis showed that 44% of 
the PAP loaded on the column were bound to the column. 

15 The amount of monomeric IgG bound to the column was 4.4% 
of the total IgG loaded on the column. See Table 1 
below. These results show that the column was not 
binding a significant amount of monomeric IgG and was 
specifically binding immune complexes. 

20 Clearly, there was a large discrepancy between the 

results of the peroxidase assay (about 5% binding of im- 
mune complexes) and the enzyme immunoassay for immuno- 
globulin (about 44% binding of immune complexes) . Closer 
examination of the kinetics of the two enzymatic 

25 reactions revealed that the peroxidase assay reached its 
maximal absorbance in 5-10 minutes on average, while the 
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streptavidin-3-galactosidase assay reached its maximal 
fluorescence in 25-30 minutes. Therefore, although the 
two assays both gave linear responses to incremental 
increases in concentration of PAP, the enzyme immunoassay 
5 measured the relative quantities of PAP more accurately 
and sensitively due to the longer incubation time. 

As a result of the comparison of the results of the 
peroxidase assay and enzyme immunoassay, elution profiles 
were reassessed using the enzyme immunoassay. Also, PAP 
10 complexes were loaded onto and eluted from the control 
LHRH and No peptide columns in the same manner as de- 
scribed above for the CBP2 column and assayed using the 
enzyme immunoassay. The results are shown in Table 1 
below. 

15 TABLE 1 

Percent Bound to Column 



20 



25 



Sample CBP2 Column LRHR Column No Peptide Column 



PAP 44 4.8 8 

Monomeric 4.4 N.D. a N.D. a 

Rabbit IgG 



Not Determined 



30 

The immune complex binding efficiency of the CBP2 
column as shown in Table 1 was much higher than had been 
previously calculated using the peroxidase assay. The 
results also indicated that the column specifically bound 
35 immune complexes. There was very little binding of the 
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immune complexes to the control LHRH and No peptide 
columns, showing that the binding of immune complexes was 
not due to nonspecific binding effects. 
C. Elution With CBP2 
5 If PAP binding was a specific interaction between 

the solid phase CBP2 and the immunoglobulins of PAP, then 
PAP bound by the column should be eluted using a solution 
of CBP2, and a solution of a control peptide (LHRH) 
should cause no elution of bound PAP. This was exactly 

10 what was found by the following experiment. 

A 1 ml sample of 20 jug/ml PAP was loaded on an 
equilibrated CBP2 column (prepared as described in 
Example 3) and allowed to circulate continuously for 15 
min over the column. The column was then washed with 12 

15 ml Clq buffer, followed by 3 ml of 336.2 /xg/ml CBP2 (this 
CBP2 concentration was 2 0 times the concentration of CBP2 
needed to give 50% inhibition Ig-HRP binding to Clq) 
diluted in Clq buffer. An additional 6 ml of Clq buffer 
was used to wash the column followed by 3 ml of 2% (v/v) 

2 0 acetic acid and then with 6 ml of Clq buffer to com- 
pletely wash the column. Fractions were collected and 
assayed for the presence of peroxidase activity as 
described above in Part A. A control column was run as 
described above, except that 3 ml of LHRH at an equimolar 

2 5 concentration as the CBP2 solution, was substituted for 
the CBP2 wash. 

As shown in Figure 9A, the normal flow-through peak 
was observed, followed by a small but significant PAP 
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peak which was eluted from the column with CBP2 . The 
remaining PAP were eluted by the acetic acid/Clq buffer 
wash. When the experiment was repeated with LHRH at an 
equimolar concentration, there was no significant elution 
of PAP due to the LHRH wash (see Figure 9B) . These 
results show that PAP binding to the column was dependent 
on CBP2 . 

D. Controls 

1. The low efficiency of PAP elution by the CBP2 
solution could have been explained by either: 1) the 
presence of inactive CBP2 aggregates effectively lowering 
the free CBP2 concentration; or 2) because the PAP 
elution occurred under nonequilibrium conditions. Under 
nonequilibrium conditions, the CBP2 peptide would not 
adequately compete with the solid phase CBP2 for binding 
sites on the PAP since a high affinity interaction ( i . e. , 
a functional affinity) between the solid phase CBP2 and 
the bound PAP had been established. 

To address the question of nonequilibrium 
conditions, a 1 ml sample of 20 /xg/ml PAP plus 200 /ig/ml 
CBP2 (0.1 mM; a ten times greater concentration than that 
required to give 50% inhibition of Ig-HRP binding to Clq) 
or 152 jug/ml LHRH (O.lmM) was incubated for 1 hour at 
25°C and then loaded on a pre-equilibrated CBP2 column 
and allowed to pass continuously over the column for 15 
min. The sample was then eluted with 21 ml Clq buffer 
followed by 3 ml of 2% (v/v) acetic acid and then 6 ml 
Clq buffer. The column fractions were assayed for the 
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presence of peroxidase as described above in Part A, and 
the concentration of PAP was calculated from the standard 
curve data . 

The resulting elution profiles are presented in 
5 Figure 10. The sample containing CBP2 and PAP exhibited 
a dramatic loss of PAP binding to solid phase CBP2 on the 
column, while the sample containing LHRH and PAP showed 
PAP binding to the column in the range normally observed. 
These data show that PAP binding was dependent on CBP2 . 

10 If inactive CBP2 aggregates caused the low 

efficiency of PAP elution, then the same aggregates would 
effectively reduce the CBP2 concentration and the 
inhibition of PAP binding in the pre-incubation studies 
would require very high CBP2 concentrations. This was 

15 not the case, however, since similar concentrations were 
used for column elution as for the pre-incubation 
studies. Also, another attempt at PAP inhibition in the 
pre-incubation studies using 156 /ig/ml CBP2 demonstrated 
inhibition of PAP binding (approximately 4 0%) . Thus, the 

2 0 effect of aggregates, if they formed, was of little 
significance . 

2. In order to address the possible effects of 
acetic acid exposure on PAP, a 2 0 jug/ml sample of PAP was 
dissolved in either 2% (v/v) acetic acid or Clq buffer 
25 and incubated for 3 hours. Aliquots from both samples 
were then assayed for peroxidase activity. No 
significant differences in the two samples were observed. 
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Therefore, an adverse effect of acetic acid on HRP did 
not account for the results. 

3. Although the data indicated that PAP binding 
was specific and dependent on CBP2 , the PAP binding could 

5 have been due to a nonspecific interaction of the column 
with the horseradish peroxidase (HRP) of PAP. Thus, a 
solution of HRP in Clq buffer was loaded, eluted and 
assayed for peroxidase as described for the PAP 
experiments. The linear regression calculations of the 
10 resulting profile indicated no significant binding of HRP 
(only about 7%) to the CBP2 column. 

4. The extent of nonspecific binding of PAP to the 
HiPAC™ matrix was determined. Control columns coupled 
with either LHRH or No peptide were used in place of the 

15 CBP2 , in order to assess the extent of nonspecific 
binding. In the same manner as described for the CBP2 
column, PAP were loaded and eluted either from the LHRH 
or No peptide column. The column fractions were assayed 
for the presence of immunoglobulin using the enzyme 

2 0 immunoassay described above in Part B. Linear regression 
analysis of the standard curves allowed the calculation 
of the amount of material in the flow-through and acid- 
eluted fractions. 

The results are shown in Table 1 above. The LHRH 

25 column bound 4.8% of the total PAP loaded on the column, 
while the No-peptide column bound 8% of the total PAP. 
Therefore, the nonspecific binding of PAP to the CBP2 
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column can account for, at most, a small fraction of the 
total PAP binding observed. 
E. Conclusion 

The data show that the binding of PAP to the CBP2 
5 column was specific for immune complexes and dependent 
on CBP2, and that CBP2 was interacting with the 
immunoglobulin components of the PAP complex. 



EXAMPLE 5: Aggregated Human IgG Binding 
10 To The CBP2 Column 

Human IgG was aggregated with alkali according to 
the method of Jones et al ? , J . Immunol. Meth . , 53 , 2 01- 
2 08 (1982) . Alkali-aggregated IgG possesses Clq binding 
15 activities similar to those of native immune complexes, 
thereby satisfying the essential criterion for immune 
complex models. 

A 1 ml sample of 10 0 /xg/ml of the aggregated IgG 
diluted in Clq buffer was loaded onto a CBP2 column 
2 0 (prepared as described in Example 3) that had been 
equilibrated with 3 ml Clq buffer. The sample was cir- 
culated through the column for 15 min and then eluted 
with 21 ml Clq buffer, followed by 3 ml 2% (v/v) acetic 
acid, and then by 6 ml Clq buffer. 

2 5 The fractions were assayed for immunoglobulin by 

placing duplicate 50 jxl aliquots from each fraction and 
50 Hi of coating buffer into the wells of a microtiter 
plate and incubating the plate 2 hours at 37<>C. The 
uncoated surfaces were blocked by adding 340 fxl/ well of 

3 0 PBSC followed by incubation of the plate for 1 hour at 
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370c. Next, the wells were washed 3 times with PBSCT. 
Goat anti-human IgG (Heavy and Light chain specific) 
F(ab , ) 2 fragments labeled with horseradish peroxidase 
(Organon Teknika/Cappel , West Chester, PA) was added to 
5 the wells (100 /xl/well) at a 1:30,000 dilution in PBSCT, 
and the plate was incubated for 2 hours at 25°C. The 
wells were washed 3 times with PBSCT, OPD substrate 
buffer added (100 /xl/well) , and the resultant colored 
product was measured at 414 nm with a Titertek Multiskan 
10 plate reader. A standard curve using a portion of the 
sample loaded on the column was used in the assay in 
order to quantitate the amount of IgG in each column 
fraction. 

The elution profile for the aggregated IgG showed 
15 two major peaks (Figure 11) . The aggregates not bound by 
the column were readily eluted with Clq buffer and were 
found to make up the first, flow- through peak. The flow- 
through material was calculated to comprise 5% of the 
total aggregated IgG added to the column. The aggregates 
2 0 bound to the column were eluted with the acetic acid wash 
and constituted the larger second peak (Figure 11) . 
Linear regression calculations indicated that 95% of the 
aggregated IgG loaded on the column was bound to the 
column and eluted with the acetic acid wash. Based on 
25 these data, the efficiency of the CBP2 column for binding 
aggregated IgG was considered quite high. 

Next, a 1 ml sample of 4 00 /xg/ml monomer ic human IgG 
was diluted in Clq buffer, loaded on a CBP2 column, 



10 
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eluted and assayed in the same fashion as described above 
for the aggregated human IgG. Also, a one ml sample 
containing a mixture of 100 fig/ml aggregated human IgG 
and 4 00 /Ltg/ml monomer ic human IgG in Clq buffer was 
loaded, eluted, and assayed as described above. The 
results are shown in Figure 12 and Table 2 below. 

TABLE 2 

Percent Of Added Material Bound to the Column 
Sample CBP2 Column LHRH Column No Peptide Column 



Aggregated 

15 IgG 96.7 18.8 26.3 

Monomelic 

IgG 31 N.D. a N.D. a 

2 0 Aggregated 4- 
Monomeric 

IgG 95.9 b N.D. a N.D. a 

25 a Not Determined 

b The value shown is the percentage of aggregated IgG 

bound. The aggregates were biotinylated allowing for a separate determination (see below). 

30 The linear regression analysis calculations 

indicated that approximately 31% of the total monomer ic 
IgG loaded on the column was bound (see Table 2) . This 
amount of binding of the human monomeric IgG was quite 
high relative to previous binding experiments using mono- 

35 meric rabbit IgG. However, there was a significant 
difference in the amount of binding of aggregated IgG and 
that of monomeric IgG. 

The linear regression calculations for the mixture 
of aggregated and monomeric human IgG determined that 

4 0 there were 100 jiq of IgG in the acid-eluted fractions, 
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indicating that the column bound almost all of the 
aggregated IgG. Although the calculated amount of IgG in 
the acid-eluted fractions closely corresponded to the 
amount of aggregated IgG loaded onto the column, there 
5 was no evidence indicating whether or not the aggregated 
IgG was actually the species binding to the column. It 
was, therefore, necessary to be able to distinguish the 
aggregated IgG in a mixture of monomeric IgG and 
aggregates. 

10 To do this, a 5 mg/ml preparation of aggregated 
human IgG was labeled with sulf osuccinimididyl-6- (biotin- 
amido) hexanoate (NHS-LC-Biotin, Pierce Chemical Co., 
Rockford, IL) according to the method of Geudson et al., 
iL tUstocfrejn. Cytocfteitu , 21, 1131-39 (1979) . The 

15 aggregated IgG had 14% of the available primary amines 
biotinylated as determined by the 2 , 4 , 6-trinitrobenzene 
sulfonic acid (TNBS) method described in Fields, Meth. 
Engymol, , 25B , 464-68 (1972) . Biotinylation of the 
aggregates using an N-hydroxysuccinamide ester adduct of 

2 0 biotin allowed the rapid and specific labeling of the 
aggregates. Biotinylation has been demonstrated to have 
minimal effects on the native conformations and 
activities of biomolecules, and CBP2 +/- biotin showed no 
difference in its Protein A inhibitory activity. In 

25 addition, the avidin-biotin interaction is of a very high 
affinity (femptomolar in magnitude) providing a highly 
specific and extremely sensitive label for the aggregated 
IgG. 
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Next, a 1 ml sample containing biotinylated 
aggregated human IgG at 100 jug /ml plus monomer ic IgG at 
4 00 /xg/ml in Clg buffer was loaded, eluted, and the 
column fractions assayed for immunoglobulin as described 
5 above. The fractions were also assayed for biotinylated 
aggregates as follows. Duplicate 50 /xl aliquots of each 
column fraction were mixed with 5 0 /xl coating buffer in 
the wells of a microtiter plate, and the plate was 
incubated for 2 hours at 37°C. The uncoated surfaces of 

10 the wells were blocked with PBSC. Avidin plus 

biotinylated horseradish peroxidase (Vector Laboratories, 
Inc., Burlingame, CA) (5 /xl of each) diluted in 1 ml 
PBSCT were incubated for 3 0 min at 2 5°C and then diluted 
1:15 in PBSCT prior to adding 100 /xl/ well of the 

15 resulting complexes to the plate. The plate was 

incubated for 2 hours at 25°C, the wells washed 3 times 
with PBSCT, and OPD substrate buffer added, and the 
colored product measured at 414 nm in a Titertek 
Multiskan plate reader. 

2 0 The results are shown in Figures 13 A (assay for 

immunoglobulin) and 13B (assay for biotinylated aggre- 
gated IgG) and Table 2 above. The concentration of 
biotinylated aggregated IgG was calculated from the 
standard curve and linear regression analysis, and it was 

25 found that 95.6% of the biotinylated aggregated IgG 
loaded on the column was bound by the column (see 
Table 2) , which indicates that immune complexes can be 
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bound to the CBP2 column specifically in the presence of 
monomer ic immunoglobulin . 

As a control, Clq was coated on the wells of a 
microtiter plate as described in Example 2, and aliquots 
from each column fraction were incubated with the solid 
phase Clq for 2 hours at 2 5oc. The wells were washed 3 
times with Clq buffer. Bound immune complexes were 
assayed as described above using goat anti-human IgG 
F(ab') 2 fragments. Such antibody fragments cannot be 
bound by Clq, since the fragments have no Fc region. 

The results of this assay of Clq binding activity 
showed that all of the Clq binding material was in the 
acid-eluted fractions, which are the fractions containing 
aggregated IgG that bound to the CBP2 column (see 
Figure 13 C) . The combined data show that the CBP2 column 
can bind human immune complexes specifically, and that 
the CBP2 column binds immune complexes which are bound by 
Clq. 

The binding of aggregated IgG by the control columns 
is also shown in Table 2. Approximately 19% of the total 
aggregates added to the LHRH column were bound to it, 
while approximately 26% of the total aggregates bound to 
the No-peptide column. Although the nonspecific binding 
of the aggregate to the matrix is 19-2 6%, the binding of 
aggregated IgG to the CBP2 column (95% of total 
aggregated IgG) clearly cannot be explained by 
nonspecific effects alone. Based on the relatively high 
percentage of nonspecific binding to the matrix, the 
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monomeric IgG binding to the column may be attributable 
to nonspecific binding. 

In conclusion, the above data show that the CBP2 
column binds immune complexes that are also bound by Clq 
5 and that the CBP2 column is binding immune complexes in a 
specific fashion. 

EXAMPLE 6: Binding Of Aggregated IgG and Serum 

Components To The CBP2 Column. 

10 

Biotinylated aggregated IgG (100 /xg/ml) , prepared as 
described in Example 5, was diluted in normal human 
plasma which had been diluted 1:20 with Clq buffer. A 1 
ml sample of the aggregated IgG in diluted human plasma 
15 was applied to a CBP2 column (prepared as described in 
Example 3) and eluted with Clq buffer, followed by a 2% 
(v/v) acetic acid wash to elute the bound material. The 
column fractions were assayed for immunoglobulin using 
goat anti-human IgG F(ab') 2 as described in Example 5, and 

2 0 the results are shown in Figure 14A. The biotinylated 

aggregated IgG was detected with avidin-biotinylated-HRP 
complexes as described in Example 5, and the results are 
shown in Figure 14B. Finally, Clq binding activity was 
assessed as described in Example 5, and the results are 
25 shown in Figure 14C. 

Nearly all of the biotinylated aggregates bound to 
the column as can be seen in Figures 14B and C. The 
calculated total aggregates bound was 98.2% of the amount 
added as determined from the linear regression analysis 

3 0 of the accompanying standard curve. Thus, the efficiency 
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of immune complex binding in dilute plasma was quite 
high. 

In view of the success of this experiment, human 
serum samples were tested on the CBP2 column. The levels 
of immunoglobulin and immune complexes in the sera were 
determined prior to their passage over the CBP2 column to 
establish baseline readings. To do so, either Protein A 
or Clq was coated on the wells of a microtiter plate as 
described in Example 2, and then 1:100 diluted serum 
samples were incubated with the solid phase Protein A or 
Clq. Any bound material was detected using goat anti- 
human IgG F(ab') 2 fragments labeled with HRP as described 
in Example 5. A standard curve of aggregated IgG was 
also included with each assay and provided a way to 
normalize readings between the two assays ( i.e. , in 
aggregated IgG equivalents) . 

The calculated aggregated IgG equivalents for both 
the Protein A and Clq assays of the serum samples before 
passage over the column are presented in Table 3 . Ratios 
of the amounts of material bound by Clq to the amounts of 
material bound by Protein A, and expressed as 
percentages, are presented in Figure 15. The Protein A 
assay showed that the sera had concentrations of 
immunoglobulin (IgG) ranging from 72 6.9 to 13 3 6.2 /Ltg/ml, 
while the corresponding Clq assay showed immune complex 
(IC) levels ranged from 7.1 to 32.1 fig/ ml (see Table 3). 
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TABLE 3 
Amounts of IgG or Immune Complexes (IC) 

determined by assay Qjg/ml) 



5 Serum Number Protein A Clq 

(IgG) (IC) 



325 725.9 32.1 

10 332 749.1 17.6 

318 1183.1 17.3 

335 1336.2 7.1 

321 1175.7 11.0 



15 



Next, the serum samples were diluted 1:20 with Clq 
buffer and loaded onto a CBP2 column* The column was 
washed with Clq buffer, and the bound material eluted 
2 0 from the column with 2% (v/v) acetic acid. The column 
fractions were assayed for immunoglobulin as described in 
Example 5. From the resulting elution profiles and the 
linear regression analysis of the standard curves, the 
amount of immunoglobulin passed over the column (total 

2 5 IgG) and the amount of material bound (acid-eluted 

fractions) were determined, and the results are presented 
in Table 4 . 

TASLE 4 

Amounts of IgG (jig) 

3 0 

Total IgG Acid-Eluted Fractions 



Serum Number 


Calculated 1 


Actual 2 


Calculated 1 


Actual 2 


325 


36.3 


126.8 


1.61 


4.73 


332 


37.5 


49.4 


0.88 


2.87 


318 


59.2 


33.3 


0.87 


1.72 


335 


66.8 


84.77 


0.36 


5.08 


321 


58.8 


40.5 


0.55 


4.59 



40 

1 . Calculated amount in serum before it was passed over the column using Protein A and 

Clq binding assays. 



45 



Calculated in the present experiment using the assay for IgG. 
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To the acid-eluted fractions, 100 fil of 3.4 M NaOH 
was added to neutralize the acetic acid. The column 
fractions were then divided into two groups (the flow- 
5 through and the acid-eluted fractions) , pooled and then 
dialyzed against PBS overnight at 4°C. The dialyzed 
fractions were then aliquoted and stored at -70°C until 
the samples could be analyzed as described below. 

First, a 1 iig/ml solution of Protein A in coating 

10 buffer was incubated in the wells of a microtiter plate 
(100 /xl/well) for 2 hours at 25°C. The uncoated surfaces 
were blocked with PBSC as described in Example 2. 
Aliquots (100 /il/well) of both the acid-eluted and flow- 
through fractions were incubated with the solid phase 

15 adsorbed Protein A for 2 hours at 2 5°C. The wells were 
then washed 3 times with PBSCT, and goat anti-human IgG 
F(ab') 2 labeled with horseradish peroxidase diluted 
1:30,000 in PBSCT was added (100 /il/ well). The plate 
was incubated for 2 hours at 25°C. The wells were washed 

20 3 times with PBSCT, followed by the addition of OPD sub- 
strate buffer. The colored product was measured at 
414 nm using a Titertek Multiskan plate reader. 

Also, Clq was coated onto the wells of a microtiter 
plate. A 10 /ig/ml solution of Clq in coating buffer was 

25 added to the wells of a microtiter plate (100 /xl/well) , 
and the plate was incubated for 2 hours at 25°C. The 
wells were blocked with PBSC as described in Example 2 . 
Samples (100 /il/well) from both the acid-eluted fraction 
and the flow-through fraction were incubated with the 
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solid phase Clq for 2 hours at 2 5°C. The wells were 
washed 3 times with PBSCT, and goat anti-human IgG F(ab f ) 2 
was added at a 1:30,000 dilution in PBSCT (100 jxl/well) , 
and the plate was incubated for 2 hours at 2 5°C. PBSCT 
was used to wash the wells 3 times, OPD substrate buffer 
added, and the colored product measured at 414 nm in a 
Titertek Multiskan plate reader. 

A standard curve of aggregated human IgG was used 
for both the Clq and protein A binding assays. The use 
of a common standard curve facilitated a comparison of 
the results from the two assays, and results were 
expressed in aggregated IgG equivalents. 

The amounts of immunoglobulin (Protein A binding 
material) and immune complexes (Clq binding material) , 
expressed in aggregated IgG equivalents are presented in 
Table 5. Also, the amount of immune complexes as a 
percentage of total immunoglobulin is presented in 
Figure 16. 

TABLE 5 
Amounts of IgG or Immune Complexes (IC) in 
Column Fractions (/-tg/ml) 



25 



Flow-Through 



Acid-Eluted 



30 



35 



Serum Number 


Protein A 


Clq 


Protein A 


Clq 




(IgG) 


(IC) 


(IgG) 


(IC) 


325 


39.6 


0.10 


0.30 


0.074 


332 


25.6 


0.082 


0.16 


0.095 


318 


123.1 


0.11 


0.16 


0.097 


335 


19.7 


0.27 


0.14 


0.13 


321 


15.7 


0.23 


0.161 


0.159 
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Th e Clq binding activity detected in the flow- 
through fractions was a small percentage of the total IgG 
as determined by Protein A binding (Table 5) . The acid- 
eluted fractions had a much higher percentage of Clq 
5 binding material when compared to the Protein A reactive 
material (Table 5). In some cases it was as high as 98%. 
By comparing the results presented in Figure 16 with the 
results in Figure 15, it can be seen that the acid-eluted 
fractions were enriched with immune complexes (as 

10 detected by the Clq assay) . 

The efficiency of the column [the ratio of the total 
amount of Clq bound material in the pooled acid-eluted 
fractions versus the amount of Clq binding material in a 
1 ml sample of 1:20 diluted serum before passage over the 

15 column] ranged widely from 23% to 109%. This variability 
may be due to the fact that sera vary in their immune 
complex content due to the variation from person to 
person. The CBP2 column and the Clq assay may also be 
detecting different species of immune complexes. Clq has 

20 very distinct binding affinities for IgG subclasses and 
for IgM, but the immunoglobulin specificity of the CBP2 
column remains to be determined. 

EXAMPLE 7: HiPAC™ Fast Protein Liquid 

25 Chromatography f FPLC^ Column 

A. CBP2 Coupling to HiPAC™ FPLC Column . 
CBP2 was coupled to an HiPAC™ FPLC column 
30 (dimensions of 0.6 mm x 10 cm) in the following fashion. 
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The column was equilibrated with 10 column volumes (18 
ml) of 0.1 M sodium citrate, pH 5.5, at a flow rate of 1 
ml/rain at 25°C. A ligand solution of 1.4 mg/ml CBP2 
diluted in 0.1 M sodium citrate, pH 5.5, plus 2 0 mg/ml 
5 sodium cyanoborohydride was prepared, and a 3 ml sample 
applied to the column. The sample was circulated through 
the column for 20 min at 25°C at a flow rate of 1 ml/min 
using a peristaltic pump (Rainin Inc., Woburn, MA). The 
column was then washed with 2 0 ml of sodium citrate, pH 

10 5.5, at 1 ml/min followed by 10 ml of 2 M guanidine-HCl , 
and then 10 ml of 0.05 M Tris, pH 9 . 0 , at the same flow 
rate. The column was then washed with 2 0 ml Clq buffer 
and stored in Clq buffer for future use. This column had 
a bed volume of 1.8 ml as compared to 0.8 ml for the LTQ 

15 column. 

The extent of CBP2 coupling to the column was 
determined by directly assaying the column with Ellman's 
reagent as described in Example 3. The amount of CBP2 
coupled to the column as determined by this assay was 756 
2 0 /xg. The density of CBP2 in relation to the column volume 
was 42 0 /zg CBP2/ml matrix. This is 2 0% less than the 
density obtained for the LTQ column, which was 52 5 /xg 
CBP2/ml matrix. 

2 5 B. Aggregated Human IgG Binding 

to the FPLC-CBP2 Column. 

The CBP2/FPLC column was equilibrated with Clq 
buffer at a flow rate of 1 ml/min for 15 min using a 

3 0 Beckmam HPLC (Model 421 controller and 112 solvent 
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delivery module, Palo Alto, CA) . A 2 ml sample of 100 
/xg/ml aggregated human IgG (prepared as described in 
Example 5) diluted in Clq buffer was loaded onto the 
column with Clq buffer at a flow rate of 1 ml/min for 
5 2 min. The flow rate was then increased to 2 ml/min, and 
maintained for 2 0 minutes, at which time the flow rate 
was reduced to 1 ml/min. The column was next washed with 
2% (v/v) acetic acid at a flow rate of 1 ml/min for 12 
min, followed by Clq buffer at a flow rate of 1 ml/min 

10 for 6 min. The column eluate was collected at 1 minute 
intervals and assayed for the presence of immunoglobulin 
as described in Example 5. 

The resulting profile is presented in Figure 17. 
From the linear regression calculations, the con- 

15 centration of aggregated IgG in each column fraction was 
determined. According to the calculations, 96% of the 
total aggregated IgG added to the column was found in the 
acid-eluted fractions. Therefore the column was able to 
bind immune complexes with a high efficiency. 

2 0 In order to determine the specificity of the FPLC- 

CBP2 column for immune complexes, monomer ic human IgG was 
loaded and eluted from the column and assayed as 
described above for the aggregated IgG. The linear 
regression calculations determined that 13% of the mono- 

2 5 meric IgG loaded on the column was bound to the column, 
indicating that the FPLC-CBP2 column was in fact specific 
for immune complexes and more specific than the LTQ 



WO 97/37677 



PCT/US97/05638 



-78- 



column which exhibited 31% binding of monomeric human 
IgG. 

Next, biotinylated aggregated IgG at 10 0 /xg/ml was 
added to human plasma diluted 1:20 in Clq buffer, and a 2 
5 ml aliquot of the sample was loaded and eluted from the 
CBP2-FPLC column as described above and then assayed for 



total IgG and biotinylated aggregated IgG as described in 
Example 6 . 

The resulting profiles are presented in Figure 18. 

10 Figure 18 shows extensive trailing of the flow-through 
material, with a drop in IgG concentration prior to the 
acid-elution fractions. The acid-elution fractions have 
a peak of IgG. The aggregated IgG profile in Figure 18 
shows that the aggregates remained bound to the column 

15 despite extensive flow-through of excess IgG, until they 
were eluted by the acid wash. Based on linear regression 
analysis of the aggregated IgG profile, nearly all of the 
biotinylated aggregated IgG was bound by the column. The 
data also indicated that the FPLC-CBP2 column could bind 

2 0 immune complexes preferentially in the presence of free 
monomeric IgG, in a fashion similar to the LTQ-CBP2 
column. 



Sera were diluted 1:20 in Clq buffer and loaded and 
eluted as described above, and the column fractions 



25 



Human Serum Components Binding to 

the fp]lc-cbp2 column, 



assayed as described in Example 6. 



The results are 



30 



presented in Tables 7 and 8 and Figure 19. 



Table 7 
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shows the total IgG in the initial serum sample 
("calculated"), the total IgG found in the eluted 
fractions after the serum samples were passed over the 
column ("actual") , the amount of immune complexes bound 
5 to the column and eluted with the acid wash (acid-eluted 
fractions) ("actual") , and the amount of immune complexes 
in the initial sample ("calculated") . Figure 19 shows 
the ratio of Clq binding material to Protein A binding 
material for each serum sample based on the values in 
10 Table 8 which shows the amounts of Protein A and Clq 
binding material in the pooled flow-through and acid- 
eluted fractions. 

TABLE 7 

1 5 Acid-Eluted 

Total IgG (/ig) Fractions (jig) 



20 



25 



30 



Serum Number 


Calculated 1 


Actual 2 


Calculated 1 


Actual 2 


325 


72.6 


254.5 


1.76 


0.376 


332 


75.0 


130.8 


1.76 


3.86 


318 


118.2 


138.62 


1.74 


2.33 


335 


133.6 


141.64 


0.72 


1.71 


321 


117.6 


280.79 


1.10 


3.02 



1. Calculated amount in serum before passage over the column as determined by 

binding to Protein A or Clq. 

2. Calculated amount in fractions after passage over the column; calculated using 

assay for IgG. 
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TABLE 8 




Flow-Through 



Acid-Eluted 



Serum Number 



Protein A 
Binding 



Clq 
Binding 



Protein A 
Binding 



Clq 
Binding 



325 
332 
318 
335 
321 



83.2 
42.7 
73.2 
27.0 
82.9 



0.0795 

0.342 

0.0867 



2.45 
1.45 



0.188 

0.68 

0.497 

0.270 

0.584 



0.0458 

0.0291 

0.224 

0.116 

0.178 



Based on the data, the FPLC-CBP2 column appeared to 
bind immune complexes in a similar fashion as the LTQ- 
CBP2 column. The FPLC-CBP2 column, like the LTQ column, 
also demonstrated a significant enrichment for Clq 
binding material in the acid-eluted fractions. 

The FPLC-CBP2 column efficiencies differed 
significantly from the LTQ column efficiencies with 
regards to sera 325 and 332 (Table 9) . Both columns 
demonstrated high binding efficiencies for sera 335 and 
321, while serum 318 was bound with a moderate efficiency 
by both columns. 
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TABLE 9 



Efficiency 



Serum Number 



CBP2-LTQ 
Column 



CBP2-FPLC 
Column 



10 



15 



325 
332 
318 
335 
321 



23% 
54% 
56% 
109% 
87% 



8.54% 
9.94% 
78.1% 
96.7% 
97.2% 



a 



The efficiency of binding was calculated as the percentage of actual ICs in the acid-eluted 
fractions over the calculated ICs in the sample added to the column. 



20 



In conclusion, based on similar trends in immune 
complex binding efficiencies and enrichments, the FPLC- 
CBP2 column was determined to be a reasonable scaled-up 



version of the LTQ-CBP2 column. 



2 5 EXAMPLE 8: Inhibition Of Complement-Mediated 

L ysis of cells 

a. S ynt hesis of peptid es 

3 0 Several additional peptides were prepared as 

described in Example 1. The first of these peptides, 

called CBP3 herein, has the following sequence: 

Phe Asn Lys Glu Gin Gin Asn Ala Phe Tyr Glu lie 
15 10 

35 

Leu His Cys 

15 [SEQ ID NO: 4] 

Residues 1-14 of SEQ ID NO: 4 are from the sequence of 

4 0 that portion of Protein A that binds to immunoglobulin. 

The second peptide, referred to herein as AEK, is a 
portion of the CH2 region of immunoglobulin to which Clq 
binds. This peptide has the sequence: 
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Ac-Ala Glu Ala Lys Ala Lys Ala-NH 2 [SEQ ID NO: 5] 
1 5 

The third peptide has the sequence: 

5 

Ser Arg Phe Leu Thr Ser 

1 5 [SEQ ID NO: 6] 

This peptide was used as a hydrophilic control peptide in 
10 the lysis assays described below . 

A fourth peptide , referred to herein as CBP1, has the 
following sequence : 



15 



Lys Leu Lys Glu Leu His Glu Phe lie Lys Glu Leu 
15 10 

Leu Leu Cys 

15 [SEQ ID NO: 7] 



This peptide was also used as a control peptide in the 
2 0 lysis assays because of its similar size, but different 
sequence from, CBP2 and CBP3 . 



B. Sheer) Red Blood Cell Lvsis Ass ay ( SRBC Assays 

To perform this assay, sheep erythrocyes (SRBCs) are 

2 5 "sensitized" by the addition of anti-SRBC antibody. 

Addition of serum as a source of complement results in CI 
binding and activation of the complement system with 
resultant lysis of the erythrocytes. The released 

hemoglobin is measured spectrophotometrically and is 

3 0 related to the amount of complement activation. 

SRBCs were purchased from Bio Whittaker, 
Walkersville, Maryland. They were diluted to 0.28% 
cells/ml in Tris-buffer saline containing gelatin [TBSG, 
50 mM Tris-HCl (Mallinckrodt Specialty Chemicals Co., 
35 Paris, KY) and 150 mM NaCl (Aldrich Chemical Co., 
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Milwaukee, WI) plus 2% swine skin gelatin (Type 1, Sigma 
Chemical Co, , St. Louis, MO)]. 

Hemolysin reagent (anti-sheep erythrocyte stromata 
serum) was purchased from Bio Whittaker, Walkersville, 
5 Maryland. It was diluted 1:400 in TBSG. 

Human serum was used as the source of complement. 
Blood was drawn from a volunteer into 6 ml Vacutainer 
brand serum separation tubes (Becton Dickinson, Franklin 
Lakes, NJ) , and the serum was separated by centrif ugation 

10 at 1500 x g for 10 min at room temperature. Serum was 
stored in small aliquots at -70°C. The serum was titered 
for complement activity by using serial dilutions in TBSG 
added to SRBCs and hemolysin. A serum dilution was used 
in subsequent assays that gave between 4 0-80% of total 

15 SRBC lysis. 

The diluted SRBCs (50^1) were added to wells of a 
Corning 9 6-well, flat bottomed, polystyrene, non-coated 
plate (Corning Glass Works, Corning, NY) . Then, 50/xl of 
diluted hemolysin was added, followed by 50/xl of various 

2 0 inhibitors. The well contents were gently mixed using a 
multichannel pipette, and the plate was incubated for 3 0 
min at 37°C. The diluted serum (50/xl) was added to the 
mixture of SRBCs, hemolysin and inhibitors, and each well 
was gently mixed. The plate was incubated for 60 min at 

25 37°C. The plate was then centrifuged at 500 x g at room 
temperature for 5 min, after which 100/jl of supernatant 
were removed from each well and transferred to another 
96-well Corning plate. The relative amounts of 



WO 97/37677 PCTYUS97/05638 

-84- 

hemoglobin were quant itated at 405 nm using a Coulter 
Microplate Reader (Hialeah, FL) . Total cell lysis was 
determined by pipetting an aliquot of the stock SRBCs 
into 2 00/Ltl of H 2 0, removing lOOjul of supernatant and 
5 determining the OD at 4 05nm. 

Total complement activity of the diluted human serum 
was calculated as the OD at 4 05 nm of human serum without 
any additions minus OD at 405 nm of an incubation mixture 
without human serum or with heat- inactivated human serum 

10 (treated for 1 hour at 56°C) . The percent inhibition 
obtained with various inhibitor substances was calculated 
as the total complement activity (100%) minus the percent 
complement activity in the presence of inhibitor. All 
assay points were determined in duplicate or triplicate 

15 and analyzed using Microsoft Excel. The results are 
shown in Tables 10 and 11 below. 
C. Chromium Release Assay 

Culture plates (Falcon 24-well plates, Becton 
Dickinson, Lincoln Park, NJ) were coated by addition of 

20 0.5 ml/well of 2% gelatin (Type B, from bovine skin, 
Sigma Chemical Co.) diluted 1:10 in Hanks buffered salt 
solution (Gibco BRL, Grand Island, NY) , followed by 
incubation for 15 min at room temperature. The gelatin 
solution was removed, and 12 5 x 10 3 pig aorta endothelial 

25 cells (PAECs Cell Systems, Kirkland, WA) in 2ml of cell 
culture medium (CCM, Dulbecco 1 s modified Eagle's medium 
(DMEM) with high glucose (Gibco BRL) containing 2 0% 
defined fetal bovine serum (FBS, HyClone Laboratories, 
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Logan, UT) that had been heat inactived for 3 0 min at 
56°C, l%(v/v) L-glutamine (200 mM, Gibco BRL) and 
penicillin G sodium (10,000 units /ml) /streptomycin 
sulfate (10,000 /xg/ml in 0.85% saline, Gibco BRL)] were 
added per well. The plate was centrifuged in a model GS- 
6R Beckman table top centrifuge at 20 x g for 2 min with 
the brake off to settle the cells onto the gelatin in a 
even monolayer, after which the plate was incubated at 

3 7°C in 5% C0 2 - 95% air. After 4 hours, cell attachment 
had occurred, and the CCM was removed and replaced with 
2ml of fresh CCM. In 2-4 days the PAECs had grown to 8 0- 
100% confluence and were used in the complement mediated 
chromium release assay. 

The PAECs were washed 3 times with 1 ml of serum free 
medium (SFM) , leaving the SFM on the cells for 5 min each 
time. Chromium radioisotope ( 51 Cr, NaCr0 4 , Amersham 

Corp., Arlington Heights, IL) was diluted in SFM to give 

4 0 ^Ci/ml, and 100/xl were added to each well of the PAEC 
culture plate. The plate was incubated for 2 hours at 
3 7°C in 5% C0 2 - 95% air. The wells were washed three 
times with 1 ml of SFM. Then, 1 ml of PBS was added to 
each well, and the plate was incubated at 37°C for 3 0 min 
to help reduce 51 Cr background. 

The various peptide inhibitors (diluted in SFM) were 
added (3 00 /il/well) and incubated with the PAECs at 3 7°C 
for 3 0 min. Undiluted human serum (HS, 100 /xl) or 100 fxl 
of heat inactivated human serum (HI-HS) was added to each 
well, and the plate was incubated at 37°C for 1 hour. 
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Supernatant (2 00 fil) was removed from each well and added 
to 200 fxl of scintillation cocktail (OptiPhase 
1 Supermix f , Wallac Inc., Turku, Finland) previously added 
to each well of a 24-well polyethylene terephtalate 
reading plate (Wallac Inc.)/ and the plate was sealed 
with an acetate plate sealer (Dynatech Laboratories, 
Chantilly, VA) . The reading plate was placed on a shaker 
for 5 min to obtain a homogeneous mixture. Radioactivity 
(CPMs) of the wells was counted for 2 min using the 1450 
MicroBeta PLUS plate reader (Wallac Inc.). 

Total counts of 51 Cr were determined from 200 fil 
aliquots taken from the wells to which 100 jjlI of 5% 
Triton X-100 (Sigma Chemical Co.) had been added. Total 
complement mediated lysis was determined from wells 
treated with HS alone, and background counts were 
determined from wells treated with HI-HS alone or with 
peptide alone (no HS) . The average background was 
subtracted from all well counts, and the percent 
inhibition calculated as total lysis minus lysis with 
inhibitor/total lysis multiplied by 100. All 
experimental points were obtained in triplicate, and the 
data were analyzed in the same manner as the data from 
the SRBC assays. The results are presented in Tables 10 
and 11 below. 



C. Immunohistochemical Staining Of 
PAECs For Binding Of Human Clq 

PAECs (1 x 10 4 ) in 1 ml of CCM were added to each 
well of a 4-chamber culture slide (Labtek, Nunc, 
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Naperville, IL) , and the cells were grown to confluence 
(incubation for 3 days at 37°C in 5% C0 2 - 95% air) . The 
medium was removed, and the slide was washed with PBS (10 
mM phosphate buffered saline, pH 7.4, containing 120 mM 
5 NaCl and 2.7 mM KC1, Sigma Chemical Co.) in a swirling 
motion for 5 sec. This was repeated with distilled water 
and 100% ethanol. The slide was tapped dry and immersed 
in pre-chilled (-20°C) acetone for 20 min and then air 
dried. 

10 HI-HS was added to the wells, and the slide was 

incubated for 15 min at 3 7°C to allow human IgG and IgM 
antibodies to bind to PAEC epitopes. The HI-HS was 
removed, and the wells were washed 3 times with PBS. Clg 
or Clq plus peptide in PBS containing 1% bovine serum 

15 albumin (BSA, Sigma Chemical Co.) (PBSA) was then added, 
and the slide was incubated for 15 min at room 
temperature. The solutions were removed, and the wells 
were washed 3 times with PBS. Blocking serum was added 
[10% donkey serum (The Binding Site, Birmingham, England) 

2 0 in PBS], and the slide was incubated for 2 0 minutes at 
room temperature. The donkey serum was removed, the 
wells were washed with PBS, sheep anti-human Clq 
(Biodesign Int., Kennebunk, ME) diluted 1:200 in PBSA was 
added, and the slide was incubated for 1 hour at room 

25 temperature. After washing the wells with PBS, 

fluorescein isothiocyanate (FITC) conjugated donkey anti- 
sheep IgG (The Binding Site, Birmingham, England) diluted 
1:200 in PBS was added, and the slide was incubated for 



WO 97/37677 PCT7US97/05638 

-88- 

3 0 min at room temperature. The wells were again washed 
with PBS. The slide was then counter stained using 0.01% 
methyl green (Sigma Chemical Co.). Then, the wells were 
washed with PBS, and 1% eriochrome black (Sigma Chemical 
5 Co.) was added for 10 sec. The wells were washed with 
PBS, and the slide coverslipped with Aquamount 
(Scientific Products, McGaw Park, IL) . Staining of the 
cells was analyzed on a Zeiss Axioskop (Carl Zeiss, 
Oberkochen, Germany) with a wide band FITC filter. 

10 E. Resu l ts 

The peptides CBP2 and CBP3 were effective inhibitors 
of complement activation as measured in the SRBC and PAEC 
lysis assays. CBP2 showed nearly complete inhibition of 
lysis of sensitized SRBC using human serum as complement 

15 source at 500 /xM concentration and 13.5% inhibition at 
62.5 /xM (see Table 10). The data are the results of five 
different experiments at various times. The inhibition 
values and standard deviations at the various points 
listed in Table 10 were evaluated for statistical 

20 significance of the differences. As listed in the table, 
p values of < 0.05 were obtained for the composite values 
of the five experiments comparing inhibitions obtained 
with adjacent concentrations of CBP2 , increasing the 
probability of the validity of the differences observed. 

25 CBP2 was also effective in a dose dependent manner in 

inhibiting complement-mediated lysis of PAECs by human 
serum containing xenoreactive natural antibodies and 
complement (Table 10). A maximum inhibition of 87.2% was 
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achieved at the highest concentration of CBP2 used (500 
/zM) and 10.6% inhibition at 62.5 /xM. 

CBP3 also showed complement inhibiting activity in 
the SRBC lysis assay (Table 11) . The data are the 
5 averages of the results of five different experiments. 
At the highest concentration tested (1 mM) , 8 3.6% 
inhibition was obtained. The CBP3 preparation seemed to 
be about half as effective on a molar basis as CBP2 . 

Several other peptides exhibited no inhibitory 
10 activity in either the SRBC or the PAEC assays at the 
highest concentration (1 mM) tested. These peptides 
included SEQ ID NOS: 5, 6 and 7 (see above) . 



15 



Table 10 

Inhibition of Complement-Mediated 
Lysis With Various Concentrations of CBP2 



rCBP21 in /xM % Inhibition* % Inhibition* 

2 0 SRBC Assay PAEC Assay 

+/-S,P, +/-S.P. 

31 0.0 +/- 0.0 2.0 +/- 3.1 

62.5 13.5 + /- 9.3 10.6 +/- 13.5 

125 45.2 +/- 30.8 25.0 + /- 14.8 

25 250 78.0 +/- 18.3 64.4 +A 8.4 

500 95.8 +/- 1.9 87.2 +/- 3.8 

1000 97.4 +/- 2.7 Not Determined 

* ANOVA analysis of the differences of inhibition with the different concentrations of CBP2 yielded a p 

3 0 value of < 0.0001 
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Table 11 

Inhibition of Complement-Mediated SRBC 
Lysis With Various Concentrations of CBP3 

5 

fCBP31 in (M % inhibition +/- s.n.» 

1000 81.8 +/- 3.0 

800 64.3 +/- 1.5 

10 675 57.7 + /- 3.5 

500 38.2 +/- 25.9 

325 33.3 +/- 4.2 

250 21.6 +/- 21.1 

125 0 



15 



* ANOVA analysis of the differences of inhibition with the different concentrations of CBP3 yielded a p 
value of < 0.0001. 



The iitimunohistochemical staining showed that CBP2 at 
2 0 concentrations of 4.7 and 2.4 mM completely inhibited Clq 
binding to PEACs incubated with serum containing 
xenoreactive natural antibodies, and only trace binding 
of Clq was seen at a CBP2 concentration of 1.2 mM. PAECs 
reacted with Clq without CBP2 showed strong fluorescence 
25 for Clq binding. These results indicate that the 
complement activation inhibitory activity of CBP2 was at 
the Clq-Ig binding step. 



EXAMPLE 9: Heterotopic Heart Transplanation 

30 

Four to six week old guinea pigs (GP, Harlan, 
Indianapolis, IN) hearts were transplanted into C6 
deficient PVG rats (B&K, Kent, WA) by a modification of 
the technique described by Ono and Lindsay ( Journal of 
35 Thoracic Cardiovascular Surgery , 52, 225, 1969). Seven 
of the rats receiving GP hearts were not treated, 8 
additional rats receiving GP hearts were treated with a 
single pre-transplant intravenous injection of a 3 ml 
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cocktail of CBP3 [SEQ ID NO: 4] (0.67 mg/ml) and 1.03 
mg/ml of AEK [SEQ ID NO: 5]. CBP3 , 15.4 mg, was dissolved 
in 1.1 ml of 60% DMF in H 2 0 and AEK, 10 mg, was dissolved 
on 0.5 ml H 2 0. Two hundred /xl of CBP3 and 100 /xl of AEK 
5 were added to 2.7 ml of 1:5 diluted (in PBS) heat- 
inactivated PVG C6 deficient rat serum. The GP 
transplanted hearts were monitored several times daily, 
and the times noted when the hearts stopped beating. 

Two additional PVG C6 deficient rats were 

10 transplanted with GP hearts. The rats were fitted 
subdermally with a model 2ML4 ALZET osmotic pump (ALZA 
Corp., Palo Alto, CA, mean pumping rate of 2.51 /il/hour) 
filled with 2.3 ml solution of CBP2 (15.6 mg of CBP2 
dissolved in 1.5 ml of 50 mM Na 2 HP0 4 plus 0.15 M NaCl, pH 

15 9.0, and 0.8 ml heat-inactivated PVG C6 deficient rat 
serum) on day 1. On day 2 the rats were injected 
intravenously with 2.8 ml of a solution containing 15.6 
mg CBP2 dissolved in 1.8 ml of the Na 2 HP0 4 -NaCl buffer 
plus 0.9 ml of heat-inactivated PVG rat serum. 

2 0 Both CBP2 and the combination of CBP3 and AEK 

prolonged the survival of the GP hearts transplanted into 
the PVG C6 deficient rats (see Table 12 below) . For the 
7 rats that did not receive any treatment, the average 
graft survival was 1.2 +/- 0.2 days. For the 8 rats that 

2 5 received GP hearts and were treated with CBP3 plus AEK, 
the average graft survival was 2.9 +/- 0.6 days (p = 
0.016 versus control rats). For the 2 rats treated with 
CBP2 , the grafts survived for 4 and 5 days, respectively. 
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In a separate experiment, two C6 deficient PVG rats 
were transplanted with GP hearts. Each rat had a 2ML1 
ALZET osmotic pump (mean pumping rate of 10 /il/hour) 
implanted the day before the transplants. In one rat, 
5 the pump was filled with 3 0 mg CBP2 dissolved in a 2 . 3 ml 
mixture of 1.5 ml 0.1 M Na 2 HPO 4 -0.15 M NaCl plus 0.8 ml 
heat inactivated C6 deficient PVG rat serum. This rat 
was also given an intravenous injection of 15.7 mg of 
CBP2 dissolved in 1.3 3 ml of a mixture of 1.0 ml 0.1 M 

10 Na 2 HPO 4 -0.15 M NaCl plus 0.3 3 ml heat inactivated C6 
deficient PVG rat serum. The second rat was treated in 
the same manner as the first rat, except that the pump 
contained 2.3 ml of the buffer-serum mixture without 
added CBP2 , and the rat was given an intravenous 

15 injection of 1.3 3 ml of the buffer-serum mixture without 
added CBP2 . 

The GP heart in the rat treated with buffer plus 
serum remained functional for 3 days. The GP heart in 
the rat that received CBP2 remained functional through 
2 0 the eighth day after transplant. See Table 12 below. 
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TABLE 12 

Number Of Rats Treatment Graft 

Survival 

5 (Pays) 

7 Buffer + 1.2+/- 0.2 

serum 

10 8 CBP3 + 2.9+/- 0.6 

AEK 



CBP2 4, 5 

(pump 2ML4) 



15 



1 Buffer + 3 

Serum 

20 

1 CBP2 8 

(pum P 2MLl) 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Baumann, Michael A. 

(i) APPLICANT: Anderson, Byron, E. 

(1) APPLICANT: Fryer, Jonathan P. 

(ii) TITLE OF THE INVENTION: A Synthetic Peptide And 

Its Uses 

(iii) NUMBER OF SEQUENCES: 8 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Sheridan Ross & Mcintosh 

(B) STREET: 1700 Lincoln Street, Suite 3500 

(C) CITY: Denver 

(D) STATE: Colorado 

(E) COUNTRY: USA 

(F) ZIP: 80203 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 

(B) COMPUTER: 

(C) OPERATING SYSTEM: 

(D) SOFTWARE: 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 05-APR-1996 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/3 3 5,049 

(B) FILING DATE: 07 -NOV- 19 9 4 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/598,416 

(B) FILING DATE: 16-OCT-1990 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Crook, Wannell M. 

(B) REGISTRATION NUMBER: 31,071 

(C) REFERENCE/ DOCKET NUMBER: 3501-1-4 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (303) 863-9700 

(B) TELEFAX: (303) 863-0223 

(2) INFORMATION FOR SEQUENCE ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

( D ) TOPOLOGY : unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Asn Glu Glu Gin Arg Asn Gly Phe lie Gin Ser Leu 

5 10 

(2) INFORMATION FOR SEQUENCE ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

( D ) TOPOLOGY : unknown 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Leu Glu Gin Gly Glu Asn Val Phe Leu Gin Ala Thr 

5 10 

(2) INFORMATION FOR SEQUENCE ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

( D ) TOPOLOGY : unknown 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Leu Glu Gin Gly Glu Asn Val Phe Leu Gin Ala Thr Leu Leu 

5 10 

Cys 
15 

(2) INFORMATION FOR SEQUENCE ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

( D ) TOPOLOGY : unknown 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Phe Asn Lys Glu Gin Gin Asn Ala Phe Tyr Glu lie 

5 10 

Leu His Cys 

15 

(2) INFORMATION FOR SEQUENCE ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

( D ) TOPOLOGY : unknown 

(ix) FEATURE: 

(D) OTHER INFORMATION: Xaa is 
acetyl alanine 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Xaa Glu Ala Lys Ala Lys Ala 

5 

(2) INFORMATION FOR SEQUENCE ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 



WO 97/37677 



PCT/US97/05638 



-96- 

( D ) TOPOLOGY : unknown 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Ser Arg Phe Leu Thr Ser 

5 

(2) INFORMATION FOR SEQUENCE ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

( D ) TOPOLOGY : unknown 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Lys Leu Lys Glu Leu His Glu Phe lie Lys Glu Leu Leu Leu 

5 10 

Cys 
15 

(2) INFORMATION FOR SEQUENCE ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

( D ) TOPOLOGY : unknown 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Phe Asn Lys Glu Gin Gin Asn Ala Phe Tyr Glu lie 

5 10 

Leu His 
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WE CLAIM: 

1. A method of treating an inflammatory response in 
a mammal comprising administering to the mammal an 
effective amount of a peptide capable of inhibiting the 
5 binding of Clq to an immunoglobulin molecule. 



10 



15 



20 



25 



2 . The method of Claim 1 wherein the peptide binds 
to the immunoglobulin molecule so as to inhibit the 
binding of Clq to the immunoglobulin molecule. 



3. A method of treating an inflammatory response in 
a mammal comprising administering to the mammal an 
effective amount of a synthetic peptide or Clq fragment 
comprising the sequence: 



Leu Glu Gin Gly Glu Asn Val Phe Leu Gin Ala Thr 
15 10 

[SEQ ID NO 2] 

or an effective amount of a Protein A fragment or a 

synthetic peptide comprising the sequence: 

Phe Asn Lys Glu Gin Gin Asn Ala Phe Tyr Glu lie 
15 10 

Leu His [SEQ ID NO: 8], 

or variants thereof capable of binding immunoglobulin. 



30 



4 . The method of Claim 3 wherein the inflammatory 
response is caused by the mammal having received a 
tissue transplant . 
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5. The method of Claim 4 wherein the tissue 
transplant is a xenotransplant . 

6 . A method of prolonging the survival of tissue 
5 transplanted into a mammal comprising administering to 

the mammal an effective amount of a peptide capable of 
inhibiting the binding of Clq to an immunoglobulin 
molecule. 

10 7. The method of Claim 6 wherein the peptide binds 

to the immunoglobulin molecule so as to inhibit the 
binding of Clq to the immunoglobulin molecule. 

8 . A method of prolonging the survival of tissue 
15 transplanted into a mammal comprising administering to 

the mammal an effective amount of a synthetic peptide or 

Clq fragment comprising the sequence: 

Leu Glu Gin Gly Glu Asn Val Phe Leu Gin Ala Thr 
15 10 

20 

[SEQ ID NO 2] 

or an effective amount of a synthetic peptide or Protein 

A fragment comprising the sequence: 

25 Phe Asn Lys Glu Gin Gin Asn Ala Phe Tyr Glu lie 

15 10 

Leu His [SEQ ID NO:8], 

3 0 or variants thereof capable of binding immunoglobulin. 

9. The method of Claim 8 wherein the tissue 
transplant is a xenotransplant. 
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PROTEIN A FRAGMENT B 
(RESIDUES I42-I53)-- 



PCIYUS97/05638 



F IG. I 



Asn Glu Glu Gin Arg Asn Gly 
I 5 



Phe lie Gin Ser Leu 

IO 



(SEQ ID NO. Q 



Clq B CHAIN HELIX 
(RESIDUES 189-200) = 



Leu 
I 



Glu Gin Gly Glu Asn 

5 



CB P2 •' 



Val Phe Leu 



Gin Ala Thr 
10 



[SEQ ID NO. 2) 



Leu Glu 
I 



Gin Gly Glu Asn 

5 



Val Phe Leu Gin Ala Thr 

10 



Leu Leu Cys 

15 



[SEQ ID NO. 3] 



SUBSTITUTE SHEET (RULE 26) 
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